
PATENT SPECIFICATION 

DRAWINGS ATTAOEIED 1:058jX88 
Date of Application and filing CompUte SptclficaHon: Feb. 27, 1964. 
No. 8205/64. 

Application made In United States ofAmnerica (No. 261,494) on Feb. 27, 1963. 
Complete Specification Published: Feb. 8. 1967. 
© Crown Copyright 1967. 



Index at acceptance :-^Cl A(D41, G12) AG12D41; Bl E3B1 
Dit a.:— C 01 b 33/28 // B 01 j 

COMPLETE SPECIFICATION 

Method for preparing Highly Siliceous Zeolite-Type 
Materials and Materials resulting therefrom 



35 



40 



ERRATA 

SPECIFICATION No. 1,058,188 



Page 6y line 24, for "emloyed" read "em- 
ployed" 

Page line 40, for "dichiarditfi" read 

"dachiarditc" 
Page 8, line 44, for.n^o. 77,233" read ''No. 

777,233" 

Page 8, line 71, for "1.0 ± 0.1 M^O:" read 
"1.0 ± 0.1 MsO:'' 

Page 10, line 32, }or "NaO" read '^NaoO" 
Page 10, line 69, far "crystallization" read 

"recrystallization" 
Page 11, line 2, far "has" read "have" 
Page 11, line 41, for ^'material'* read 

"materials" 

Page 11, line 56, for "structure" read "struc- 
tures" 

Page 14, line 39, for "effecting" read "affea- 

ing 

Page 20, line 11, for "AlO/' read "AlaO," 
Page 20, line 87, for "steam" read "steamed" 
Page 26, Hne 45, for "NH.OH" read 
"NH.OH" 
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in a variety of ways to take advantage of these 
properties. 

Such molecular sieves include a wide variety 
of positive ion-containing crystaUine alumino- 
silicates, both natural and synthetic. These 
aluminosilicates can be described as a rigid 
three-dimensional network of SiO^ and AlO^ 
tetrahedra in which the tetrahedra are cross- 
linked by the sharing of oxygen atoms whereby 
the ratio of the total aluminum and silicon 



ratio. Up to the present time, no truly effective 
technique was known to alter drastically the 
silica-alumina ratio in natural crystalline 
aluminosilicates or in synthetic crystalline 
aluminosilicates after the latter have been 
formed. Since in many respects it would be 
advantageous to be able to convert an exist- 
ing crystalline aluminosiiicate to a crystalline 
material having a greater silica-alumina ratio, 
the desirability of a process which would make 
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We, Mobil Oa Corporation, formerly 
Socony Mobil Oil Company, Inc., a corpora- 
tion ozonized and cxjsdag imder the laws of 
the State of New Yoric, United States of 
America, of 150 East 42nd Street New York 
17. New York, Uniced States of America, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be pcrf onncd, 
to be particularly described in and by the 
following statement: — 

This invention relates to a mediod of pre- 
paring highly siliceous cryscalline zeolite-type 
materials aixd materials resuMng therefirom 
and» more particularly, to a novel technique 
for increasing the silica to almnina ratio of 
zeolites and to the zeolites or zeolite-type 
materials resulting therefrom. 

Zeolite material, both natural and syndietic, 
have been demonstrated in the past to have 
catalydc capabiliries for various types of 
hydrocarbon conversion. Certain zeolite 
materials are ordered crystalline alumino- 
silicates having a definite crystalline structure 
within which there are a large number of 
small cavities which are intercoimected by a 
number of still smaller channels. These cavities 
atid channels are precisely tmiform in size. 
Since the dimensions of these pores are such 
as to accept for adsorption molecules of certain 
dimensions while rejecting those of larger 
dimensions, these materials have oome to be 
known as "molecular sieves" and are utilized 
in a variety of ways to take advantage of these 
properties. 

Such molecular sieves include a wide variety 
of positive ion-containing crystalline alumino^ 
silicates, both natural and synthetic. These 
aluminosilicates can be described as a rigid 
three-dimensional network of SiO^ and AlO^ 
tetrahedra in which the tetrahedra are cross- 
linked by the sharing of oxygen atoms whereby 
the ratio of the total aluminum and silicon 



atoms to oxygen atoms is 1:2. The electro- 
valence of the tetrahedra containing aluminum 
is balanced by the inclusion in ii5 crystal of 
a cation, for example, an alkali metal or an 
alkaline earth metal cation. This equilibrium 
can be esqjressed by formula wherein the rario 
of AI2 to the number of the various carious, 
such as Ca, Sr, Nas, K2 or Lio, is equal to 
unity. One canon may be exchanged ekher in 
entirety or partially by another cation utilizing 
ion exchange techniques as discussed herein- 
below. By means of such canon exchange, it 
is possible to vary die size of the pores in the 
given aluminosilicate by suitable selection of 
the particular cation. The spaces between the 
tetrahedra are occupied by molecules of water 
priOT to dehydration. The parent zeolite is 
dehydrated to activate it for use as a catalyst. 

The stability of the exchanged crystalixne 
aluminosilicates in the presence of hea^ steam 
and acid, as well as their catalytic properties 
in general, are to a great extent dq>enden£ 
upon the siHca-alnmina ratio in the crystal 
lattice of the aluminosilicate. Generally speak- 
ing, the higher the siiica-alumina ratio in the 
aluminosilicate, the greater the statulity to heat, 
steam and add. 

In S3mthetic aluminosilicates, the silica/ 
alumina ratio is essentially detennined by tii 
specific materials and the relative quantities 
of such materials used in the preparation of 
the zeolite. Naturally occurring zeolites are 
avjiilable, of course, with a fixed silica-alumtna 
ratio. Up to the present time, no truly effective 
technique was faiown to alter drastically the 
silica-alumina ratio in natural crystalline 
aluminosilicates or in synthetic crystalline 
aluminosilicates after the latter have been 
formed. Since in many respects it would be 
advantageous to be able to convert an exist- 
ing crystalline aluminosilicate to a crystalline 
material having a greater sflica-alumina ratio, 
the desirability of a process which would make 
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such conversion feasible from an economical 
and chemical standpoint would, quite obviously, 
be greatly desirable. 

In accordance with the present invention, it 

5 has now been found, for the first time, dxat 
it is possible to change drastically the^ silica- 
alumina ratio in crystalline aluminosilicates, 
modify their crystalline character to result in 
a shift to shorter metal-oxygen interatomic 

10 distances (measured as latdce cell constant, ao) 
yet, at the same time, to obtain an improved 
zeolite or zeolite-like material having one or 
more enhanced catalytic properties. In accor- 
dance with the present inveationj it is also 

15 possible to accomplish the same results with 
isomorphs of crystalline alimiinosilicates. 

It is accordingly a primary object of the 
present invention to provide a novel and effec- 
tive process for increasing the silica-alumina 

20 ratio of crystalline aluminosilicates. 

It is anoier important object of tije present 
invention to provide a novel and effective 
process for the selective removal of alnmfnnm 
from crystalline aluminosiHcates by means of 

25 a hydrolysis technique. 

It is a further object of the present invention 
to provide a novel and effective process for 
the selective removal of aluminum from crystal- 
line aluminosilicates by means of a combined 

30 hydrolysB-chelation technique. 

It is a further object of the present inven- 
tion to provide a process for the selective 
removal of alumimim by mf^ans of molecules 
or ions which can complex strongly with tri- 

35 valent alumintun to form aluminum' complexes 
which may be removed from the aluminum- 
deficient aluminosilicate. 

It is stiU another important ol^ect of the 
present invention to provide a novel process 

40 for obtaining a sigmficant increase in the 
sflica-alumina ratio of oystalline alumino- 
silicates, which process is capable of improving 
the stability of such aluminosilicates to heat, 
steam and acid widiout ^cessive loss in crystal- 

45 linity, while jproviding almninosOicates with 
improved catalytic properties including in many 
cases an increase in soiptive capacity. 

It is another object of the present inyenti(Hi 
to provide a process capable of increasing liie 

50 silica-alumina ratio in crystalline alumino- 
silicates up t30 50/1 or higher by means of a 
novel chelation technique, said novel technique 
permitting tiie use of startiag matenais having 
a silica-alumina ratio lower than 6/1 and even 

55 as low as 2/1. 

These important objects and advantages of 
the present invention wiU become more 
apparent upon reference to the ensuing de- 
scription AiTti appended claims. 

60 According to die present invention there is 



provided a process of increasing the silic a/ 
a^nmina ratio in the crystal lattice of a crystal- 
line zeolite aluminosilicate which comprises 
closing the aluminosilicate, while at least 
partially in the hydrogen form, to hydrolysis 65 
to such extent that at least 50% of the crystal- 
iinty of die aluminosilicate is retained, and 
treating the aluminosilicate to remove at least 
part of the aluminum dnis disi^ccd from the 
crystal lattice! . t 

In order to remove aluminum effectively 
from the crystalline aluminosilicate, it is essen- 
tial that the aluminum first be displaced from 
the tetrahedral sites in the anionic crystal 
lattice of the aluminosilicate. In accordance 75 
with the present invention, this step is effected 
throu^ die formation of a zeolite at least 
partially in the hydrogen (or acid) form and 
the subsequent hydrolysis of the add zeolite. 
More specifically, a portion of the cation of 80 
the zeolite must at some point be hydrogen. 
It is the hydrolysis of those aluminum sites 
assodated with such hydrogaa ions which 
causes die zeolite to lose al uminum from the 
zeolite framework. ^ 85 * 

The accompanying Drawing illustrates 
graphically how the silica/alumina ratio in 
crystalline zeolite aluminosiSdcates may be in- 
creased, with at least 50% of crystal retention, 

removal of alumina by l^drolysis. The 90 
acc^table area of alumina removal is defined 
by lines A and B whidi show the majdmum 
and rrtinimTtTTi amounts of acc^taHe alumina 
removal respectively. 

Efeving displaced aituninum from the tetra- 95 
itedral sites of the aluminosilicate, this 
aluminum is separated from the alunaino- 
silicate. In accordance with the present inv^- 
tion, this is accomplished by means of a suit- 
able complexing agent to comjrfex the 100 
ginfnmiim into a foHU "w^di facflitatBS its 
separation from the aluminosilicate. ^ 

The several aspects of the present invention 
will best be understood by first broadly postu- 
lating the theory which it is tmderstood is 105 
involved in the practice of the present inven- 
tion and then foUowing such postulated theory 
with a. discussion setting fbrdi specific apphca- 
tions of sadtk theory. 

. -Fbllowing th2^ formation of the hydrogen or 110 
acid form of the za)lite (thz specific methods 
of effecting which will be discussed herein- 
after), the aluminum is displaced from the 
tetrahedral sites in the aluminosilicate. While 
the present invention is not so limited, this 115 
removal is effectively illustrated by reference 
to the use of a hydrolysis technique for such 
purpose. Upon the reaction of the add zeolite 
with water, the hydrolysis is postulated as 
proceeding as follows: 120 



HCAlOs) (SiOx). + 3H,0 -> (H^Os) (SiO.)^ + Al(OH), 
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In the above cqiiation, (H^Qj) represents the 
tctrahedral structure of tie zeolite which ex- 
perimetttal data indicates is famed foOowing 
the hydrolysis. The initial tetrahedrai struc- 
5 turc (before hydrolysis) may be leprcsented as 
follows: 




_ Si — O — Al — O — Si — 

During hydrolysis, it is postulated that the 
alumintun ion in the tetrahedra is replaced by 
10 four protons, as follows: 

I 

— Si — 



— Si — OHHHO — Si — 

-k- 

I 



Thus, the (H4O2) represents riie four protons 
contained in the oxygen tetrahedron set forth 
above. These formul^ will be alluded to at a 
15 later point in this deification dnce this 
structure is extremely pertinent to an i»gsgT^tiql 
aspect of the present invention. 

As previously indicated, while the hydrolysis 
reacdon suffices to remove alumimsn firom the 



tetrahedrai sites of the aluminosilicatB (the 
degree of hydrolysis depending upon the 
amount of aluminum removal desired), it is 
sdll necessary to separate this aluminum from 
the aluminosilicaie. In accordance with the 
present invention, an extremely efFecdve tech- 
nique for such separation involves the use of 
complexing, preferably chelating, agents to 
form aluminum complexes whic± are readily 
separable from the aluminosilicate XMX>per. 

An extremely effective method of removing 
aluminum f r om the aluminosilicate with a 
minimum of effort and procedural steps in- 
volves the use of complexing agents which are 
effective not only to separate the aluminum 
physically from the aluminosilicate but to con- 
vert the aluminosilicate to its hydrogen or add 
fonn prior to such separation, thus obviating 
the requirement for a preliminary acidification 
step. This procedure which forms a preferred 
aspect of die present invendon, may best be 
explained in terms of the various reactions 
which take place when isuch a complexing agent 
is employed. For purposes of simplification of 
such explanation, the series of equations in 
question will be set forth in terms of a calcium 
fom of altmiinosilicate and a quaternary 
ammonium chelating agent. The specific 
quaternary ammonium chelating agent will be 
represented by the compound <5(tetraethyl- 
ammonium) dihydrogen ethylenediaminetetia- 
acetate. [NOTE: When used in this spedfi- 
cadon, "EDTA" will represent ethylene- 
diaminetetraacctic add; when "EDTA^ is set 
forth as part of a larger compound, viz., as 
the "EDTA" radical, it wOl represent the 
ethylenediaminetetraacetate radicaL] 

Haying defined the reactants, the following 
equations apparendy satisfactorily illustrate 
the use of a complexing agent not only to 
separate die aluminum physically fh)m the 
aluininosilicate but to addify snch alumina- 
silicate prior to such physical separation: 



(1) Caiy,[(A102)(Si02)J +y[(QH5)4N],H,EDTA > 

CVj^yjHayKAlO^XSiOa)^ +y[C2H5)4N]aCaEDTA 



(2) Ca(i/2-y)H2y[(A102)(Si02)xl -h SzH^O > 

Ca<i/,.y,)H(,y-3)KA10a)a-z)(H402)2(SiO,)J + z Al(OH), 



(3) z Al(OH)3 -h z KC.Hs)4N]a EDTA > 

z [(C,H5)4N]A1 EDTA -f- z [(C2H,)4N] OH + 2z H.O 



(4) Ca(i/j-y,H(2y-j,[(AlO2)a-z)(H4O2)z(SiO0xl + 

2y-z[(CaHs)4N]OH > 

Ca(i/,-y)[(C,H5)4N](2y-z)[(A10,)a_z)(H40J«(SiOa)xI + 

2y-zH20 

In die aboveequations, x > 2.0; y represents z represents moles of AlO. — removed from 
65 moles of Ca"^ removed from the zeolite; and the zeolite. 
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As mil be seen from the above series of 
equations, the foregoing process takes place 
la a series of four stages. In the first stagey 
the zeolite undergoes attack by the hydrogen 
5 ions of the dielating agent with such hydrogen 
: ions being substituted for at least a portion 
of the cations of the zeolite. In the second 
stage, the acid zeolite formed in the first stage 
hydrolizes to form a compound deficient in 
10 alumina. At this point in the process, the 
aluminum which has been removed from the 
tetahedral sites of the aluminosilicate is still 
physically present on the aluminosilicate. In 
the third stage of the process, the aluminum 

15 hydroxide formed in the second stage reacts 
with excess of the chelating agent to form a 
quaternary ammonium hydroxide and an 
aluminum chelate. Finally, in the fourth and 
last stage of the process, the quaternary am- 

20 monium hydroxide reacts with the hydrolyzed 
acid zeolite formed in the second stage of the 
process to form the quaternary ammonium 
form of the alumina-d^cient zeolite. 

In view of the significant advantages of the 

25 procedure described immediately above in 
using a complexing agent whidh not only 
effects physic^ removal of the aliimfnum 
from the aluminosilicate bat effects the 
initial acidification of the aluminosilicate^ 

30 it is obviously desirable to nse sudh 
technique whenever possible. While such 
technique may be effectivrfy carried out with 
a niunber of specific aluminosilicates utilizing 
a large variety of complexfng agents (as shown, 

35 merely by way of illtistration, in Examples 
• 1 — 20), however, there are situations in which, 
for one reason or another, it is not possible 
to follow diis simplified procedure. For 
example, when a disodium dihydrogen EDTA 

40 chelating agent is used to treat a sodium 
zeolite Y aluminosilicate for purposes of re- 
moving alumrria, without preliminary acidifi- 
cation of the zeolite, it will be foimd that no 
significant quantity of alumina is removed. 

45 The reason for this is that disodium dihydrogen 
EDTA is exceedingly weak as an add and 
does not provide enough acidity to convert the 
sodium zeolite Y into its acid form. Since, as 
indicated previously, it is necessary that the 

50 zeolite be in its add form so as to undergo 
hydrolysis before the complexing agent will be 
effective to remove aluminum physically from 
the aluminosilicate, it will be apparent that 
the silicaalumina ratio of the aluminosilicate 

55 may not be increased by the above technique 
utilizing the zeoHte and chelating agent in 
question. 

On the other hand, where disodium dihydro- 
. gen EDTA is used to remove alumina from cal- 
60 cium zeolite Y without the preliminary addifi- 
cation of the zeolite, the treatment is fairly 
effective in removing alumina without any loss 
in sorptivc capadty (see Example 1). The 
reason for the effectiveness of the disodium di- 
65 hydrogen EDTA in this case is that the com- 



plex which IS formed by the caldum ion and 
the dieiating agent is so stable that the di* 
sodzom dihydrogen EDTA is willing to sacri- 
fice its two weak hydrogens to pick up the cal- 
cium ion, this great stability of the caldum 70 
complex providing the potential to cause the 
reaction to proceed as it does. Thus, where cal- 
cium zeolite Y is concerned, a chelating agent 
such as disodium dihydrogen EDTA may be 
effectively utilized for the purpose of removing 75 
alumina from the zeolite. 

But notwithstanding the inabili^ of the 
disodium hydrogen EDTA to remove almnina 
from a compound such as sodium zeolite Y 
without preliminary acidification of the zeolite, 80 
the {Hticess of the present invention is never- 
theless applicable to such a system to effect 
the removal of the alumina fcom the zeolite. 
More specifically, all that need be done in such 
case is to pretreat the zeolite to convert it at 85 
least partially to its add or hydrogen form 
and to hydrolyse such acid zeolit^ followed 
by subsequent treatment with a complexing 
agent (which may be disowlium dih^rogen 
EDTA) to separate the aluminum physically 90 
from the aluminosilicate. Such a proo^hure is 
deariy illustrated in Example 44, In this tech- 
nique, however, it is important to note that 
the complexing agent in such case is used 
sitnply to chelate or oomi^ex the aluminum 95 
but is not relied upon in any way to provide 
the add zeolite which is necessary before sudi 
chelation takes place. 

In those instances in whidi the conq>lexing 
agent is to be used not only to effect plqrsical 100 
removal of the alumina but to effect the initial 
addification of the aluminosilicate^ it is neces- 
saj^, as will be appredated from tiie fore- 
going discussion, to use a hydrogen ion- 
containing complexing agent whose hydrog^ 105 
ions wiU exchange into the particular ahxmino- 
silicate bdng treated. In general, it may be 
stated that most effective results are obtained 
when a complexing agent is employed which 
will bring the pH of the reaction mixture HO 
below 7 and preferably 6 at feast at some 
point during the reaction. This desideratum 
may be obtained most effectively when tiic pH 
of die complexing agent employed is no greater 
than 5. By using complexing agents of at least 115 
this degree of addity, the reaction potential 
will ordinarily be sufficiently'gieat to" cause the 
hydrogen ions of such agent to exchange into 
the aluminosilicate. 

On the other hand, it should be noted that 120 
one of the significant advantages of using 
complexing agents which not only are effective 
to remove the aluminum from die sobolyzed 
aluminosilicate but to convert the almnino- 
silicate to its acid form is that such compler- 125 
ing agents permit highly controlled rates of 
formation of the hydrogen or acid zeolite and, 
at the same time» a controlled rate of liydio- 
lysis of said add zeolite. Consistent with this 
significant advantage, it is inap o xta nt to con- 130 
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sider that negative results can be obtained if 
the pH of the complexing agent is too low, 
in which case the high degree of control pro- 
vided by such completing agent may be lost. 

5 Even here, however, the acidity which the 
aiuminosilicatc can tolerate will dex)end to a 
great degree upon the silica/alumina ratio of 
the starting material Wich high silica/alumina 
rauos such ns exist in mordcnitc, high acidity 

10 can be tolerated. On the other hand, whexc 
lonrer silica-alumina ratios are involved, such 
as exist in synthetic faujasite, more care must 
be taken to avoid uncontrolled acid attack on 
the zeolite and, accordingly, higher pH's are 

15 preferred in such case. The merit of the process 
of the present invention is, of course, that 
where complexing agents are used which not 
only physically remove the alumina from the 
solvolyzed aluminosilicate but serve to addiity 

20 the aluminosilicate in the first instance, the 
high degree of control provided permits the 
treatment of aluminosilicates which have silica- 
alumina starting rados lower than 6/1 and 
even at low as 2/1 without danger of destnic- 

15 tion of the aluminosilicate crystal lattice, 
though most effective results arc obtained 
using aluminosilicates which have initial silica- 
alumina ratios of 4 to 1 or more. 
In those instances where, due to the specific 

30 nature of the aluminosilicate and the complex- 
ing agent (as described above) it is not pos- 
sible to effect die acidificadon of the alumino- 
silicate during the course of the complexing 
procedure, the aluminosilicate may be pre- 

35 treated to put it in acid form to the desired 
degree of acidification. To accomplish such 
acidification, the aluminosilicate may be con- 
tacted with a non-aqueous or aqueous fluid 
medium compriang a gas, polar solvent or 

40 water solution containing die desired ions, 
such ions being introduced by means cither of 
a hydrogen ion-containing fluid medium or a 
fluid medium containing ammonium ions cap- 
able of conversion to hydrogen ions (the latter 

45 procedure having been used in the process of 
Example 44). 

Water is the preferred medixmi for reason 
of economy and ease of preparation in large 
scale operations involving continuous or batch- 

50 wise treatment. Similarly, for this reason, 
organic solvents are less preferred but can be 
employed providing the solvent permits iom'za- 
tion of the add or the ammonium compoimd. 
Typical solvents include cyclic and acyclic 

55 ethers such as dioxane, tetrahydrofuran, ethyl 
ether, diethyl ether and diisopropyl ether; 
ketones such as acetone and methyl ethyl 
ketone; esters such as ethyl acetate, propyl 
acetate; alcohols such as cthanol, propanol and 

60 butanol; and miscellaneous solvents such as 
dimethylformamide. 

The hydrogen ion or ammonium ion may be 
present in die fluid medium in an amount 
varying within wide limits dependent upon the 

65 pH value of the fluid medium. Where the 



aluminosilicate material has a mdar ratio of 
silica to alumina greater than 5.0, the fluid 
mediimi may contain a hydrogen or ammonium 
ion equivalent to a pH value ranging from 
less than 1.0 up to a pH value of 10.0. Within 70 
diese limits, pH values for fluid media con- 
taining an ammonium ion range from 4.0 to 
10.0 and are preferably between a pH value 
of 4.5 to 8.5. For fluid media containing a 
hydrogen ion alone, the pH values range from 75 
less than 1.0 up to 7.0 and are preferably 
within the range of less than 3.0 up to 6.0. 
Where the molar ratio of the aluminosilicate 
is greater than 3.0 and less than 5.0, die pH 
value for the fluid media containing a hydrogen 80 
ion ranges from 3.8 to 8.5, Where ammonium 
ions are employed, the pH value ranges from 
4.5 to 9.5 and is preferably within the limit 
of 4.5 to 8.5. When the aluminosilicate 
material has a molar ratio of silica to alumina 85 
less tlian 3.0, the preferred medium is a fluid 
containing an ammonium ion instead of a 
hydrogen ion. Thus, depending upon the silica 
to alumina ratio, the pH value varies within 
rather wide limits. 90 

In carrying out the treatment with the fluid 
medium, the procedure employed comprises 
contacting the aluminosilicate with the desired 
fluid medium or media imtil such time as 
metallic cations originally presem in the 95 
aluminosilicate are removed to the desired 
extent. Repeated use of fresh solution of the 
entering ion is of value to secure more com- 
plete exchange. The degree of exchange will, 
of course, depend on the amount of aluminiun 100 
one wants to remove, the greater the degree 
of acidification of the alimiinosilicate the 
greater the aluminum removal as a general 
rule. 

Elevated temperatures tend to hasten the 105 
speed of treatment whereas the duration ±ereof 
varies inversely widi the concentration of the 
ions in the fluid medium. In general, die 
temperatures employed range from below 
amfient room temperature of 24*^1 up to no 
temperatures below the decomposition tem- 
perature of the aluminosilicate. Fdlowing 
the fluid treatment, the treated alumino- 
silicate is washed with water, preferably 
distilled water, until the effluent wash 115 
water has a pH value of approximately 
that of the inlet wash water, i.e., between 
about 5 and 8. The aluminosilicate material is 
thereafter analyzed for metallic ion content by 
methods well known in the art. Analysis also 120 
involves analyzing the efiluent wash for anions 
obtained in the wash as a lesult of the treat- 
ment, as well as determination of and correc- 
tion for anions that pass into the effloent wash 
from soluble substances or decomposition pro- 125 
ducts of insoluble substances which are other- 
wise present in the aluminosilicate as impuri- 
ties. 

The actual procedure employed for cazrying 
out the fluid treatment of the aluminosilicate 130 
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may be accomplished in a batchwise or conr 
unuous method under atmospheric, subatmo- 
spheric or superatmospheric pressure. A solif- 
tion of The ions of positive valence in the form 
5, of a molten material, vapor, aqxKOus or non- 
aqueous solution, may be passed slowly through 
a fixed bed of the aluminosilicate. If desired, 
bydrodicrmai treatment or a corresponding 
non-aqueous treatment with polar solvents may 
10 be effected by introducing liie aluminosilicate 
and fluid medium into a closed vessel main- 
tained imder amogeneous pressure. Similarly, 
oreatmenis involving fusion or vapor phase 
contact may be employed providing die melt- 
15 ing point or vaporization temperature of the 
acid or ammonium compound is below the 
decomposition temperature of the alumhio- 
silicate. . 

A wide variety of acidic compounds can be 
20 employed with facility as a source of hydrogoi 
ions and include both incwganic and organic 
adds. ; , . i 

Representative inorganic adds which can 
be emloyed indudc adds such as hydrochloric 
25 add, hypodxlorous add, diloroplatinic add, 
sulfuric add, sulfurous acid, hydrosulfuric add, 
peroxydisulfbnic add (J^zS^O^^ peroxymono- 
sulfurk add (H^Os\ dxtfaionic add (HsSsOg), 
sulfamic add (HaNHSsH), amidodisaif onic add 
30 [NH(SOsH)2], chlorosulftuic add, thiocyanic 
add, hyposulfurous add C^aSsO^), pyro- 
sulfuric add (H-tSsOy), thiosulfuric add 
(HzSaOs), nitrosulfonic add (HSOsJ^O), 
hydroxylanMne disulfonic add [(HS03)^OBr|, 
35 nitric add, nitrous add^ hyponitroos add and 
carbonic add, ^ ... 

Typical organic adds wMdi find utility m 
die practice of tie invention indude the mono- 
carboxylic, dicarbo:^c and polycaibo^lic 
40 adds whidi can be aliphatic aromatic or cydla^ 
aliphatic in nature. 

Representative aliphatic monocarbosgdic, 
dicarboxylic ^^d polycarboxylic adds indude 
the siaturated and unsaturated, substituted and 
45 imsubstimted adds such as formic add, acetic 
add, chloroacctic add, didiloroacenc add, 
trichloroacetic add, bromoaceric add, pro- 
pionic add, 2-bromopropionic add, 3-bromo- 
propionic add, lactic add, n-butyric acid, iso- 
50 butyric add, crotonic add, n-valeric acid, iso- 
valeric acid, n-caproic add, oenanthic add, 
pelargonic add, capric add, undecyclic add, 
lauric add, myristic add, palmitic add, stearic 
add, oxalic add, malonic add, succinic add, 
55 glutaric add, adipic add, pimelic add, suberic 
add, azelaic add, sebadc add, alkylsucdnic 
add, alkenylsucdnic add, nialeic add, fumaric 
add, itaconic add, citraconic add, mesaconic 
add, glutonic add, muconic add, ethjrlidenie 
60 malonic add, isppropyiidene malonic add and 
allyl malonic add. ^ 
Representative aromatic and cydoaliphatic 
monocarboxylic, dicarboxylic and poiycarb- 
oxylic adds indude 1,2-cyclohexanedicarb- 
65 oxylic add, 1,4-cydohexanedicaiboxyiic add. 



2 - carboxy -2 - mcthyicydohexancaoeric add^ 
pfadialic add, isophdudic add, teieplxthalic 
add, 1,8-naphtbalenedicarboxylk add, 1,2- 
naphthaienedicarbosTlic add, t^rahydro- 
phdialic add, 3-carboxydnnamic add, hydro- TO 
dnnamic add, pyiogallic add, benzoic add, 
ortho, meta and para-methyl, hydroxy, chloro, 
bromo and . nitro-substimted benzdc adds, 
phenylacetic add, mandelic add, benzylic add, 
hippuric add, bsnzenesulfonic add, toluene- 75 
sulfonic add and methanesulfonic acid. 

Other sources of hydrogen ions indude 
carboxy polyesters prepared by die reaction 
of an ^oess of polycarboxylic add or an 
anhydride thereof and a polyhydric alcohol to 80 
provide pendant carboxyl groups. 

Still other materials capable of providing 
hjrdrogen ions are ion exc±ange resins having 
exchangeable hydrogen ions attadied to base 
resins comprising cross-linked resinous poly- 85 
mers of monovinyl aromatic monomers and 
polyvinyl compounds. These resins are well 
known materials which are generally prepared 
by copolymezizing in the |»esence of a poly- 
merization catalyst one or more mcmoviayl 
aromatic confounds, such as styrene, vinyl 
txduene, vinyl xylene, with one or more divmyi 
aromatic compounds such as divinyi benezene, 
divinyi toluene, divinyi xylene, divtzQd naph- 
thalene and divinyi acetylene. Following co- 95 
polymerization, the resins axe further treated 
witli suitable adds to |scmde the Ixydrogen 
fozm of the resin. 

Still another class of compounds which 
be employed are ammonium confounds which 100 
decompose to provide hydrogen ioos when an 
alominosilicate treated with a snlntim of said 
ammonium compound is subjeoed to^ tempera- 
tuxes bdow the decompositKm ieiiQiecaxiro of 
the aluminosilicate. 105 

Representative ammonium <ampouud s whidi 
can be ensployed indude ammoninm dilorid^ 

monhun catenate, ammonium bicarbonate 
ammonium sulfate, ammnnymri sulfide^ am- 110 
monium thipcyanate, ammonium cfidiiocarb- 
amate, ammonium peroxysulfate, 
acetate, ammonium tungstate, « anmndnium 
molybdate, ammonimn benzoat^ ammonium 
borate, ammonium carbamate, ammonium 115 
sesquicarbonate, ammonium ddon^lumbate, 
ammonium dtrat^ ammoninm ditfaionate, 
ammonimn fluoride, ammcmium gallat^ am- 
monium nitrate, ammonium nitrite, ammonium 
formate, ammonium propionaie, ammonium 120 
butyrate, ammonium valerate, 
lactate, ammoniimi malonate, 
oxalate, ammonium palmitate and ammonium 
tartrate. Still other ammonium compounds 
which can be employed include coir^lex 125 
ammonium compounds such as tmzametfayl- 
ammonium hydroxide^ tzimethylainmomum 
chloride. 0±er compounds which cm be em- 
ployed are nitrogen bases sadi as die salts of 
quanidine, p3rridine and qoinoline. 130 
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An essential feature of the present invention 
is that by a judicious choice of the complexing 
agent which is used to remove the aluminum 
physically from the aluminosilicate following 

5 the hydroysis reaction, sudi removal may be 
greatly facilitated. More specifically, if a com- 
plexing agent is selected whidi forms a soluble 
complex or chelate with the metal cations 
which are removed from the aluminosilicate, 

10 the physical scparauon of the aluminum from 
the aluminosilicate will simply involve the 
removal (by filtration) of the resulting solution 
from the solid aluminosilicate. Restating the 
foregoing in terms of the four-stage process 

15 previously discussed^ if the conqjlex 



[(C2HO.N] Al-^TA 

is soluble in aqueous solution, separation 
problems will have been virtually eluninated 
since the chelated aluminosilicate is insoluble 

20 in water. Specific examples of such a proce- 
dure indude (merely by way of illustration) 
Examples 1 — ^20, in each of which a complex 
chelate is formed which is water soluble. 
It is to be imderstood, however^ that the 

25 above solubility characteristic, whilst preferred, 
is not essential More specifically, as will be 
shown in Example 45, it is possil^ to remove 
the aluminum physically from the alimuno- 
silicate without dissolving it by use of a 

30 chelating re^n which may be physically separ- 
ated from the aluminosilicate product by 
means of a conventional screening process, 
since the resin beads are relatively large com- 
pared to the chelated zeolite, whic± has dimen- 

35 sions in the order of microns. It will be noted 
from Example 45, however, that notwithstand- 
ing the fact that the aluminum removed from 
the aluminosilicate fe not soluhilized, the 
chelating resin is nevertheless usable to form 

40 the acid zeolite as a preliminary to the 
aluniinum removal, at least in the case of the 
calcium zeolite Y which was used in said 
example. Thus, the significant advantages of 
the present invention ace letained notwitb- 

45 standing the different technique of removal 
of the aluminum from the aluminosilicate. 

As will be apparent, a variety of complexing 
agents may be used to remove the aluminum 
^rom the hydrolysed zeolite in accordance with 

50 the present invention, the essential require- 
ment being that such agents must form co- 
ordination complies with aluminum. The pre- 
ferred complexing agents are those which form 
stable chelates with aluminum. In the case of 

55 a complexmg agent which is intended to form 
soluble complexes or chelates for ease of 
removal of the aluminum from the alumino- 
silicate, the complexing agent should form a 
stable complex or chelate with alimiinum which 

60 IS soluble in the medium in whidi the com- 
plexmg is carried out. When the complexing 
agent is to be used to acidify the alumino- 



silicate prior to comj^exing, the complexing 
ag^t should also exist initially either in its 
acid form or as an add salt, should form a 65 
stable comj^ex or chelate with at least one 
cation present in the zeolite to be treated aiKi 
should have a pH in solution no greater than 
7 and preferably no greater than 6. In all 
cases, the complexing agent should be so 70 
selected that compl^Sng takes place slowly 
enough to avoid destruction of the crystalline, 
aluminum-defident^ zeolite product. 

In those cases where the complexing agent 
is also to be used to convert the alumino- 75 
silicate to its hydrogen or acid form, the com- 
plexmg agent should be so sdected that the 
non hydrogen cation of the complexing agent 
is suffidentiy large so that it will not exchange 
into the aluminosilicate. By means of such size 80 
sdection, the non-hydrogen cations of the com- 
plexihg agent will not compete for ibt avail- 
able 'cation sites m the aluminosilicate with 
the hydrogen ions and prevent effective addifi- 
cation of the aluminosilicate, whidi addifica- 85 
tion must take place for the effective alumina 
removal of the present inventiOTL Extremdy 
effective complexing agents for this purpose 
are those containing tetraethylammonium 
cations such as those previously mentioned. 90 

E xa mp les of complexing agents which are 
extremely effective in canning out the process 
of the present invention indude (but jare not 
restricted to) di(tetraetfaylammonium) dihydro- 
gen EDTA; EDTA (ethylenediaminetetra- 95 
acetic add); diammonium dihydrogen EDTA; 
ammonium add manganese EDTA; finorideSj 
such as sodium or ammonium fluoride; carb- 
oxylic and polycarboxylic adds and add salt^ 
such as dtric add and ammonium add dtrate; 100 
mixtures of such complexing agents, etc An 
example of the type of complexing agent whidi 
does not form a :s(duble complex is, as pre- 
viously stated, an anion exchange rean in the 
dilqrdrogen ethylenediaminetetraacetafe form. 105 

Various other complexing agents, attaining 
a variety of anionic portions, may also be used 
in the process of the present invention pro- 
vided they meet the criteria set forth herein- 
before. For a comprehensive review of com- no 
plexing agents, see "Organic Sequestering 
Agents" by Stanley Chaberek and Arthur E. 
Martell, published by John Wiley and Sons, 
Inc., New York (1959), and an article entitied 
("Chelation*' by Harold F. Walton, Sdentific 115 
American, June 1953, pp. 68—76, both of 
which are h^rdby incorporated by reference. 

In general, complexing should preferably 

take place at temperamres of about 20 

100°C. for periods of at least 2 hours. Ex- 120 
tended periods of reaction are normally not 
detrimental and, in some cases, could be desu:- 
able. 

The zeolites which may be treated in accor- 
dance with the present invention may, in their 125 
hydrated form, be represented by the following 
formula 
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MaO : AI2O3 : wSiOa : yH^O 
n 

wherein M is a cation which balances the 
electrovalence of the tetrahedia, n represents 
the valence of the cation, w the moles of SiOz 

5 and y the moles of H2O, the removal of which 
produces the characteristic open network 
system of the molecular sieves. 

Cation M should preferably fonn a stable 
dielate with die chdatiDg agent to be used 

10 in the process of the present invention. For 
example, esrccllcnt results have been obtained 
in light of the foregoing requirement wherein 
cation M is calcium or one of die rare eardi 
metals. Esceilent results have also been ob- 

15 tained with other cations, e.g., sodium. 

As indicated previously, the SlOarAlaOa 
ratio (viz., the vsdue of w) should be at least 
2:1 initially, and preferably at least 4:1. 
Indeed, particularly excellent results are ob- 

20 tained with ratios above 4:1 and less than 
6: i. As a result of the present process, zeolites 
or zeolite-like products may be obtained hav- 
ing a silica-alumina ratio as hi^ as 50/1, if 
not higher. 

25 The particular zeolite wbidi is utilized in 
the process of the present invention should be 
capable of accommodating at least one cation 
(viz^ "M'*) which forms a stable complex or 
dielate witfr thc cemj^exing agent utiHzed in 
30 the process and should also be capable of under- 
going limited attack by hydrogen ions whidi 
results in the loss of at least a portion of its 
alumina. Particularly advantageous zeolites 
meeting these qualifications (although this list 



is not intended to be exhaustive) include 35 
zeolites of die following groi^: X; B; D; 
L; Q; R; S; T; Z; ZK— 4; ZK— 5; and 
natural zeolite materials such as faujasite; 
heulandite; clinoptilolite; cbabazite; gmelinite; 
mordenite; and dichiardite. 40 

Following is a description of exemplary 
zeolites usable in the process of the present 
invention : 

ZeoKte X (UX. Specification No. 77,233) 
is a synthesized crystalline aluminosilicate 45 
which can be r^resented in term^f of mole 
ratios of oxides as follows: 



0.9H=0J? M2O: AI2O3 : 2J±0.5 SiOs : yHaO 

n 

wherein M is a cation as hereinbefbre defined, 
n represents the valence of M, and' y is a value 50 
up to eight depending on the. id^ti^ of M 
and degree of hydration of the crystal : 

The formula for Zeolite B (U.K. Specifi- 
cation Nos. 777,233 and 898,457) may be 
written in terms of oxide mole ratios as: 55 



1.0±:0.2 Map : AlsOa : 3J±1^ SiO. : yH-O 

wherein M represents a cation as hereinbefore 
defined, n is the valence of the cation, and y 
has an average value of 5.1 but may range 
from 0 to &. ^0 

The formula for Zeolite I> (ILK. Specifi- 
cation No. 868,846)^ in terms of oxide mole 
ratios, may be represented as: 



CPdtOJZ [xNa20:(l— x)K20] rAlsOarwSiOaryHzO 



65 wherein x is a value of 0^ t0 1, w is from 4^ 
to about 4.9 and y. In the fully hydraced form, 
is about 7. 

The composition of Zeolite L (UJSL Specifi- 
cation No. 909,264), in oxide mole ratios, may 
70 be iqTiesented as 

l.OdiO.1 M3O: AJsOa : 6A±i0.5 SiOa : yH^O 



wherein M. designates a cation as hereinbefoxe 
de&ied, n represents the valence of M and y 
is any value from 0 to 7. 

The formula for Zeolite Q (ILK. Specifi- 
cation No. 897,670)^ expressed in terms of 
oxide mole ratios, may be written as: 



75 



0.95=fc0.05 M2O: AI2O3 : 2^^0,05 SiOj : yHzO 
n 



wherein M is a cation as hereinbefore defined, 
80 n is the valence of tiie cation, and y is any 
value from 0 to 5- 

The formula for Zeolite R (U.K. Specifi- 
cation No. 841,812) in terms of oxide mole 
ratios may be written as follows: 



wherein w is £com 2.45. to 3.65, and y, in the 
hydrated form, is about 7. 

The formula for Zeolite S (U.K. Spedfi- 
cation No. 909,265) in terms of oxide mole 
ratios may be written as: 90 



85 0.9^:0.2 Na^C) : AI2O3 : wSiOfe : yHoO 



0.9zfc0.2 NajO : AlgOj : \ifSiO2 : yHsO 
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wherem w is from 4.6 ta 5.9 and y, in the cation No. 912,936) in tenns of oxide moic 

hydrated fomi, is about 6 to 7. ratios may be Written as- - 
The formula for Zeolite T (U.K. Specifi- 

l.ld:0.4 xNa.O: (l—x^K^O: Al^O,: 6.9db0.5 SiO^ : yH^O 

wherein x is any value from about 0.1 to about The formula for Zeolite Z fU-K Spedfi- V 

0.8 and y is any value from about 0 to about 8. cation No. 828,936) in terms of oxide mole " 

• ^r^''"!^L\i''I. ^''^^"^ ^ <^-^' Spedfica. ratios may be written as- 
M tion No. 909,266) expressed in oxide mole 
ratios is: 

0.9^:0.2 NasOrAKOjiwSiOsZyHaO z / - 

... , wherein y is any value not exceeding 3. 

wherem w is a value ranging from 3 to 5 and Zeolite ZK— 4 can be icpresentedin terms 2( 

y may be any value up to about 9, of mole ratios of oxides as: 

0.1to0.3R: 0.7t0l.0M2p:Al2O3:2.5 to 4.0 SiO^iyH.O 
n 



25 



35 



40 



wherein R is a member selected from the group 
consismig of methyl-ammonium oxide, water 
and mixtures thereof with one another, M is 
a cation as hereinbefore defined, n is the 
valence of the cation, and y is any value from 
about 3.5 to about 5.5. 

SiOj/AI^Oa 
Na,0 



Zeolite ZK — 4 can be prepared by prepar- 
ing an aqueous solution of oxides containing 
NaoO, AI2O3, SiOa, H2O and tetramethyl- 
ammonium ion having a composition, io terms 
of oxide mole ratios, whidi falls within the 
following ratios: 

2-5 to 11 
0-5 to 2-5 



30 



Na,0+[(CH3)4N]zO 

Na,0+[(CHi)4N]20 
NajO+[(CH3)4N],0 



25 to 30 



lto2 



SiOi 

maintaining tiie mixture at a temperature of 
100<»C to 120*=>C. xmtil the crystals are formed, 
and separating the crystals from the mother 
liquor. The crystal material is thereafter 
washed imtil the wash effluent has a pH essen- 
tially that of wash water and subsequently 
dried. 

Zeo lite ZK — 5 is^ representative of another 
crystalline aluminosilicate which is prepared 



in the same manner as Zeolite ZK — 4 except 
that N,N' - dim^yltriethylenediammonium 
hydroxide is used in place of tetramethyi- 
ammonium hydroxide. Zeolite ZK — 5 may be 
prepared from an aqueous sodium alumino- 
^cate mixture having the following composi- 
tion expressed in terms of oxide mole ratios 
as: 



45 



50 



SiOj/AlaOj 

Na^O 



Na^O +[(CH2)6N2(CH3) JOH 

Na,0 +[(CH,)6N^CH3) JOH 
Na:,0 +[(CH JtfNaCCH,) JOH 



2-5 to 11 
0-5 to 2-5 

25 to 50 

lto2 



SiOa 



10 



1,058,188 



The N^'-dimethyltriethylenediammonium 
hydroxide used in preparing Zeolite ZK — 5 
can be prepared by methylating 1,4 - diaza- 
bicyclo - (2^) • octane with mcxhyl iodide 
5 or dimethyl sulfate, followed by conversion to 
the hydroxide by treatment with silver oxide 
or barium hydroxide. 

In using the N^K' - dimeth^^triethylene- 
diammonium hydroxide compound in the pre- 
10 paration of Zeolite 5, the hydroxide may 
be employed per sc, or further treated with 
a source of silua, such as silica gel, and there- 
after reacted with aqueous sodnun aluminate 
in a reaction mi3Ctur& whose diemicai com- 
X5 position corresponds to the above-noted oxide 
mole ratios. Upon heating at temperatures of 
200 to 600^C^ the methyl ammoinum ion is 
converted to hydrogen ion. 

Quite obviously, the above-listed molecular 
20 sieves are only representadve of the synthetic 
crystalline zeolite molecular sieve catalysts 
which may be irsed in the process of the 
present invention, the particular enumeration 
of such sieves not being intended to be exdu- 
25 sive. 

Molecular sieves are ordinarily prepared 
initially in the sodium form, of the crystal. In 
general, the process of preparation mvolves 
heating, in aqueous solution, an appropriate 

30 mixture of oxides, or of materials whose 
chemical composition can be comptoefy repre- 
sented as a mixcure of osddes NaO, AI2O35 
SiOo and HaO at a temperature of approxi- 
mately 100°C for periods of 15 minutes to 

35 90 hours or more. The product which crystal- 
lizes within this hot mixture is separated there- 
from and water washed until the water in 
equlibrium with the zeolite has a pH in the 
range of 9 to 12. The substance is then ready 

40 for treatment in accordance with the process 
of the present invention to form the alumina- 
defident zeolite, after which it may be actir 
vated for use by heating imtil dehydration is 
attained. 

45 For example, in the preparation of sodium 
zeolite ^'X", suitable reagents for the source of 
silica include silica sol, silica gel, silicic add 
or sodium silicate. Alumina can be supplied 
by utflianng activated alumina, gamma alumina, 

50 ' alpha alumina, aluminxmi trihydrate or sodium 
alimiinate. Sodiiun hydroxide is suitably used 
as the source of the sodium ion and in addition 
contributes to the regulation of the pH. All 
reagents are preferably soliible in water. The 

55 reaction solution has a composition, ^pressed 
as mixtures of oxides, widiin the following 
ranges: SiOa/AljOa of 3.0 to 5.0, Na-O/SiOa 
of 1,2 to 1.5 and H^O/NAaO of 35 to 60. 
A convenient and generally employed process 

60 of preparation involves preparing an aqueous 
solution of sodium aluminate and sodiimx 
hydroxide and then adding wi± stimng an 
aqueous solution of sodium silicate. 

The reaction mixture is placed in a suitable 

65 vessel which is closed to the atmosphere in 



order to avoid losses of water and the reagents 
are then heated for an appropriate lengtii of 
time. Adequate time must be used to allow 
for crystallization of the first amocphous pre- 
dpitate that forms. While satisfactory crystaL 70 
lization may be obtained at temperatures from 
21**C. to 150°C., the pressure being atmo- 
spheric or Iks, corresponding to the equi- 
librium of the vapor pressure with the mixture 
at the reaction temperature, crystaHization is 75 
ordinarily carried out at about lOO^C. As soon 
as the zeolite crystals are completdy formed 
they retain their structure and it is not essen- 
tial to maintain the temperature of the reaction 
any longer in order to obtain a maximum yield 80 
of crystals. ' 
- After formation, the crystalline zeolite is 
. sqiazated from the mother liquor> usually by 
filtration. The crystalline mass is then washed, 
preferably with salt-free water, while on tiie 85 
filter, until the wash water, in equilibdum with |' 
the zeolite, readies a pH of 9 to 12. The * 
crystals are then dried at a tenqieratore be- 
tween 25*^C. and 150oC Hie zeol&e & then ' 
ready to be treated in accordance with the 90 
process of the present invention. After such 
treatment, activation may be attained dirough 
dehydration, as for example at 350*^0. and 1 
mm. pressure or at 350°C. in a stieam of dry 
air. 95 

La an earlier portion of the present specifi- 
cation, the respective tetrahedral amctures of 
the aluminosilicate before and after hydrolysis 
were set forth and it was pointed out that, as 
a result of said hydrolysis, each erf the affected 100 
aluminum ions in the tetrahedra was rq>laced 
by four protons or hydrogen atoms. This sid)- 
stitution is accompanied by an extiemdy in- 
teresting and significant physical pteiomenon. 
More spedfically, the oxygen m o^gen bond 105 
dimension in an AlO^ tetrahednm h 2S0A^ 
. and in a SiO^ tetrahedron 2.64A^. On the 
other handi tiie ideal O— H . . . O distance, 
as observed in diaspore, can be tflfrcii as 
approximately 2.65A^. llius, the size of an 110 
H-bonded oxygen tetrahedron b therefore 
approximately e^ial to the size of a silica - 
tetrahedron. Aooordingly, by vxctne of the sub- 
stitution of four protons for a g^vea aiununum 
atom during the hydrolysis reaction, the tetra- 115 
hedron will be transformed to a structure 
which, by means of X-ray diffractiim analysis, 
would appear to have' b^. riiridwl in alica 
by vinue of t&e contraction cf the bond dis- 
tances. 120 

In addition to indicating a slight oantiaction 
of the lattice structure in the treated ahmino* 
silicate, X-ray diffraction analysis nuficates a 
oystallographic structure (l&,s crystal sym- 
metry) in tile treated and untreaied ahimino- 125 
silicates which are substantially idpntKal to one 
another. In view of this fact and mice con- 
ventional demental chemical analysis indicates 
an increase in the silicon-alumimnn ratio as 
between the treated and untreated abumno- 130 
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silicates, one would normally conclude that 
alummuni atoms in the ciysml structure has 
been replaced by silicon atoms dirough a re- 
crysftalllzation technique. Since silicon and 

5 aluminum atoms have essentially tbt same 
atomic weight (about 28 and 27, respectively), 
one would eicpect that the hydrocaxbon ads0IX^- 
tion capacity of the alumina-deficient treated 
product per unit weight of such product would 

10 be essentially the same as that of the un- 
treated material, or one migjit possibly even 
expect a decrease in such capacity due to the 
slight contraction of the lattice structure of the 
treated aluminosilicate as compared with the 

15 untreated material. 

Notwithstanding the foregoing, however, one 
observes by means of standard hydrocarbon 



adsorption tests that a substantial increase in 
the hydrocarbon adsorption capacity per unit 
weight of sample results from the treatment 20 
of the aliimimwiWcate in accordance widx the 
present invendcm and further observes that this 
capacity per unit weight of silica is substan- 
tialiy die same in the txeated and imtreated 
ma^als. This demonstrates that what was 25 
indicated both by X-ray diffm rnnn and 
chemical analysis, viz., an absolute increase in 
the quantity of silica per unit cell, is not the 
case but that, on the contrary, aluminum atoms 
have been removed from the tetrahedral sites 30 
without their replacement by silicon atoms. 
The following data, based upon adsorption 
tests conducted to demonstrate the above, 
support this conclusion: 



2^olite 


Molar Ratio 
SiOj/AljOa 


Before AI removal 


4-61 


After Al removal 


6-94 


Before Al removal 


4-45 


After Al removal 


8-30 


Before Al removal 


4-76 


After Al removal 


6-70 



g. Cyclohexane 
Sorbed/g. Sample 


g. Cyclohexane 
Sorbed/g-SiOa 
in Sample 


•191 


•306 


•231 


•307 


•187 


•296 


•239 


•303 


•196 


•310 


-227 


-306 



The observed increased cydohexane sorptive 
capacity of materials whidi have undergone 
alununum removal should serve to distinguish 
between zeolites in which all tetrahedral sites 

40 are occupied by silicon pius aluminum and 
material which underwent loss of tetrahedral 
aluminum from the zeolite. 

As indicated above, aluminosilicates treated 
in accordance with the present invention have 

45 substantially the same crysta l symmetry as the 
untreated aliuninosilicatc. As a result, the treat- 
ment of crystalline aluminosilicates in accor- 
dance with the present invention can result in 
aluminosilicates having a crystallographic 

50 structure substantially the same as that of the 
starting aluminosilicate but having different 
silica-alumina ratios. For example, alumino- 
silicates having the crystallographic structure 
of faujasite can be prepared with silica-alumina 



ratios in excess of 6/1. It is diaracteristic of 55 
such faujositic structure, as distinguished from 
that of mordenitc, that they possess channels 
larger than 4A° in at least two dimensions. 
Similarly, aluminosilicates having the crystal- 
h^raphic structure of chabazite but having a 60 
siHca/alumina ratio above 5/1 can be pre- 
pared. StiU further, porous crystalline alinnino- 
silicates having the crystallograiAic structure 
of mordenite but having a silica-alumina ratio 
above 10/1 can be prepared. As another 65 
example, aluminosilicates having the crystal- 
b'ne structure of zeolite L can be prepared 
by the process of the present invention with 
sHica-alumina ratios above 7/1. 

Following are examples which will illus- 70 
trate the various aspects and ramifications of 
the present invention: 
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EXAMPIE 1: 

This example demonstrates that disodium 
dihydrogen EDTA is feirly effecdve in ronov- 
ing alumina from raTc^n m zeolite Y 'without 
any loss in sorpdve capacity. 

A soludon was prepared by dissolving 6.4 
g. of disodium dthydrogen EDXA dihydrate 
(172 miUimoles) in' 30 ml. of water. To the 



solution was added 14.9 g. (8.24 g. on water- 
free basis) of calcium zec^te Y. This miztnie 
was stirred and refluxed oveniight. The solid 
product was collected on a Budmicr fdnnel and 
wadied with 50 mL of water. A summaxy is 
given in Table A of die properties of the 
initial zeolite and the final product. 



10 
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Table A 



Starting 

Material Product 

Wt. Percent 

NaiO 2-3 7-5 

CaO 10-6 2-66 

Al^Oa 22-1 19-0 

SiO:, 64-9 690 
Mole Percent 



NajO 2-44 8-04 

CaO 12-40 3-16 

AI2O3 14-20 12-40 

SiOa 71-0 76-40 

Molar Ratio. SiQx/AlzOa 5-0 6-18 

G. sorbed/lOO g. Sample* 

Cydohexane 19-6 20-5 

Water 320 31-95 



*[Note: The conditions under which the tion period. Adsorption is complete when con- 

sorption of cydohexane and water were deter- stant pressure is reached. The i ncrease in 

mined both above and dsewhere in this spedfi- wdgfat is calculated as the adsorption capaaty 

20 cation were as follows: a weig^ied sample is of die sample.] 

contacted with the desired pure adsozbate vapor An extremely effective method for removing 

in an adsorption chamber at a pressure less flfnmina from zeolite Y consists in treating 

rhary the vapor-liquid equilibrium pressure of caldum zeolite Y with di (tetraethylammonium) 

the adsorbate at room temperature. This pres- dihydiogen EDTA. This method is iliustrated 

25 sure is kept constant (20 ^nm witii ^do- in the following example: 
hexane; 12 mm. widi water) during the adsorp- 
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ExAivwiLE 2: collected on a Budiner ftmnel and m^ied 

Smy-s« grams of EDTA,^dia^^^ ^th several hundred milK 5wSa 10 

ItL^i i^^ tetraethjdainmonium portion «rf the air dried product TrasaSzed 

hydroxide. The resuJung solution was dfluted for Na,0. CaO. A1,0, SiO r 7nH>j a 

wiA 211 n,I. of water Fifty-fiye grants of resumeV ^la^£^£^%^^^ ^ 

calaum zeolite Y were added to 4e solution the starting materialWSk^dS «"dvS 

and the mixture was snrred and refluxed over- in Table B : "« prouHci arc given 

night. The highly dJlatant solid product was 

Table B 



15 



Wt. Percent 
Na,0 
CaO 

I 

A1,0, 
SiOj 
C 
N 

Mole Percent* 
Na^O 
CaO 
AUO, 
SiO, 

"based on ignited sample 
Molar Ratio, SiOj/AljOj 
G. Sorbed/lOO G. Sample 

Cyclohcxane 

Water 



Starting 
Material 



2-59 
11-10 

23-40 ignited 
62-30 sample 
0 



2-75 
1300 
1510 
69-1 

4-61 

19-06 
31-5 



Product 

1- 75 

2- 66 

12-90 unignited 
52-6 sample 
9-8 

1- 43 

2- 61 
4-40 

11-70 
81-1 

6-94 

231 
351 



The compoation of die product obtamed in More specifically, the foUowing calculation 2C 
Exan^le 2 mdicates that some odier cation, shows that 40i% of the cation sites are occupied 
m addinon to sodium and calaum, is present, by a cation odier than sodium and caldum: 

(Mole % AUO3-M0IC % Na,0-Mole %CaO) (1 1-7-2-61-4-4 

-X 100=- X 100=40% 



Mole %Ala03 



11-7 



SntSitaJ*Si^S-'^^*'°" '^^^ °^ ^"'"P'*'^ * monovalent, nitrogen- 



Wt. % N 



102 



1-43 102 
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The next and last calculation shows that the monovalent, nitrogen-containing catioa in the ptodoct is 
tetraethylammonium ion: 



Found 
6-8 



WL%C/Wt%N 

Calafor(C2Hs)4N+ 
6-85 



The next example shows that equation (1) 
[previously set forth above] does not go to 
completion but probably involves an equi- 
librium between EDTA and zeolite Y for 
calcium ion. 



Example 3: 
In a manner similar to that described in 10 
Example 2, three samples of calcium zeolite 
Y vrere treated with vatiQUs amounts of 
di (tetraethylammonium) dihydrogcn EDTA 
solution. The results of these experiments are 
summarized in Table C: 15 



Table C 



Moles EDTA Used Per 
g-atom Ca in Ca Zeolite 
YUsed 

0- 70 

1- 45 
3-63 

Example 4: 
A sample calcium zeolite Y was given four 
successive treatments with excess di {tetia- 



Per cent Removed 

From Zeolite 

Ca + -f- AIO2- 



32 
64 
72 



18 
28 
35 



ethylammonium) dihydrogen eAyifhediamine- 20 
tetraacetate. Following is a summaiy of die 
properties of the zeolite after each treatment: 



Treatment 



Total % Removal 
Ca++ AIO2 



Table D 

Molar Ratio 
SiOj/AljOa 



g. Sorbed/ldO g. San^de 
Cyclohexane Water 



0. 


0 


0 


4-45 


19-1 


315 


1 


39 


18 


5-4 


21-5 


35-8 


2 


73 


36 


• 6-9 


23-8 


36-5 


3 


90 


46 


8-3 


23-6 


35-6 


4 


97 


46 


8-3 


.23-9 


34-4 



These data indicate that not more than 45 to 
25. 50% of the alununa can be removed from tie 
zedite although removal of calcium is nearly 
complete. A continuous flow column procedure 
would be ejected to give simSar results. 
The above data also indicate that mayfrnum 
30 removal of alumina and die zeolite cation can 
be effected through treatment of the zeolite 
with successive batches of ficesh chelating solu- 
tion. 

Examples 5 — ^9 will demonstrate that EDTA 
35 can be used direcdy as a method to increase 
the Si02/Al20s rado substantially in crystal- 



line aluminosilicates of the NaY type. This is 
accomplished without seriously destroying or 
eflfectmg the adsorpdve and crystalline proper- 
ties. 40 

Example 5: 
The starting material (urilized in l^e runs 
of Examples 6—9), contaimng 9.6 wt. \% Na, 
19.6 wt. AI2O3, and 66.8 i% SiO^, had 
the basic formula 0.923 Na20JVaaai.5.8 SiO^ 45 
and had a cydobexane adsorption of 19.7 wt. 
,%. Oiaracterized by X-ray . analysis, tiiis 
material had a lattice constant of ag 24^.61 A^. 
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This material (NaY) is identified as Esampk 
SinTableE. 

Examples 6 — 9: 
Examples 6, 7, 8 and 9 (data for which is 

5 set forth in Table E) were prepaied by sac- 
cessive treatments of 1/2 lb. of the above 
NaY containing 60% solids with 20 g. por- 
tions of EDTA each in 200 cc, H2O for 24 
hours at 200<^F- The total EDTA used was 

10 equivalent to 2 times die theoretical necessary 
to form Tetra Na EDTA. After each contact 
the sample was filtered and washed with an 
equal volume of water. Samples were taken 
after each contact for adsorption, composition 

15 and X-ray analysis. 



Examples 10—14: 
In Examples 6 — 9, a high silica NaY 
aluminosilicate (5.8 SiOsiAlsDs) was used as 
the starting material. Examples 11 — 14 demon- 

20 strate that similar increases in SiOz/AlzOj 
ratios may be obtained from successive treat- 
ments of a low silica NaY aluminosOicate 
(437 SiOa/AlaOa) with EDTA. A description 
of the details of these examples is set forth 

25 in Table E'. 

As will be seen in Table E', in this prepara- 
tion, the Si02/Al2O3 ratio was not increased 
as much as in the high silica NaY run of 
Examples 5 — ^9. Similady to tiie runs of 

30 Examples 5—9, the X-ray dau for Examples 



11 — ^14 show an increase in unit cell dimen- 
sion from ao 24.66 A** to ao 24.69 A°, then 
pro gresave decrease to ao 24.60 A^. The 
adsoiptive properties in this series also show 
increased cydohexane adsorption after the jSrst 35 
contact, then progrssive decline to 132 wt. \% 
cyclohexane adsorption. 

These results were unexpeaed since EDTA 
is not soluble in water and is assumed to be 
too large to go into the aluminosilicate struc- 40 
tuie. The analytical data substantiate the fact 
that chelation has occurred since both soditnn 
and alumina were reduced. Although the solu- 
tion pH in this process is low (about 3.6 to 
4.7), no serious damage to crystallinity occurs. 45 
This can be explained by the limited reactivity 
of the EDTA due to its limited solubility. 

The described process of contacting crys t a l- 
line aluminosilicate with EDTA for control 
of SiO2/Al20s ratio can be applied easily to 50 
a commercial process. The renting sodium 
alumina chelate can be decomposed by heating 
in a caustic sohidon, precipitating out the in- 
soluble alumina. It may also be possible to 
strongly acidify the sodium alumina chelate to 55 
form the insoluble tctrahydrogen EDTA. The 
resulting soluble sodium EDTA can be con- 
verted to insoluble EDTA simpty addify- 
mg vwth any add. The recovered EDTA can 
thus be recycled for additional chdation. 60 
Recovery of the chelating agents used in the 
otiier examples described herein may be simi- 
larly efiCected. 
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Example No. 

Description 

Processing 

NaYCwt.lbsO 

EDTA, wt. g. 

Temp., °F 

Contact, Hrs. 

Composition as 
Analyzed 



Table E 

EDTA Modifications of Y Aluminos]]icates(^> 

5 6 7 8 9 

Base: High-SiO^NaYCS-S Sib^AlaOJ 

l/21b > 

20 > 

200 > 

24 1 > 



Na,Wt % 


9-6 


7-5 


6-3 


5-1 


3-2 


Ala03,Wt. % 


19-6 


17-2 


14 


11-4 


8-1 


SiO,.WL% 


66-8 


71 


75 


80-8 


• 85-7 


NazO/SiOzM ratio 


0-188 


0-138 


0-11 


0K)89 


0-04S5 


NazO/AliO, M ratio 


1085 


0-965~ ~ 


. l-OO 


1-00 


0-875 


SiOj/AIjOj M ratio 


5-8 


7-04 


9-12 


12 


18 


Adsorption 












Cydohexane, Wt % 


19-7 


20-5 


19-5 


17-3 


15-4 


X-ray Analyses 












Lattice Constant 
a»(A'=) 


24-61 


24-63 


24-60 


24-55 


24-58 



(1) Processing was by successive treatments of EDTA. Thus, Eicample 9 had four treatments with 20 g. EDTA. 
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Hxample No. 
Description 

Processing 

NaY (wt, lbs.) 

EDTA, wt. g. 

Temp., °F 

Contact, Hrs. 

Composition as 
Analyzed 

Na,Wt. % 

AI2O3, Wt % 

SiO„ Wt. % 

Na^O/SiOi M ratio 

Na^O/AIiOi M ratio 

SiO,/Ali03M ratio 
Adsorption 

Cyclohexane, Wt % 
X-ray Analyses 

Lattice Constant 

(1) PrOC^!S*ema W«r 

EDTA. 



TabuE' 

EDTA Modifications oiY AluminosiBcatesO) 

10 11 12 

Base: Low-SiO, NaY (4-37 SiO^Al^O,) 



13 



14 



1/2 lb 

> 

20 ^ 

200 ^ 

24 ^ 



10-7 


9.9 


8-6 


6-8 


5-2 


23-7 


2M 


18-8 


170 


12-7 


60-9 


651 


69-4 


73-5 


79-0 


0-229 


0-200 


0-162 


0-120 


0-0856 


1-00 


105 


102 


0-887 


0-908 


4-37 


5-25 


6-25 


7-34 


10-5 


20-1 


20-7 


19-9 


18-0 


13-2 


24-66 


24-69 


24-63 


24-61 


24-60 



aluminosilicate (13X) ivrice^^ 25 w .!f6,^ithout senoudy damaging the 

5 EDTA in 200 cc^ H,0 24 hS^at lo^F S^^tf^' crystellinity as used in 10 

in each contart. The pH off 7 S^X! ^T^^^""- <if«'°^ed by comparison 

hexane adsorption an§ A^niJis^'Sw 5^ li^S'^Sl^^/™-"^-^ - 



f 

I 
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Table F 
Chdation mth EDTA 



Example No. 

B^e Material 
Type 

Composition 

Na,Wt% 

A1.03,Wt % 

Si02,Wt.% 

SiOj/AIjOs M Ratio 
Adsorption 

Qrclohexane, Wt % 
X-ray Analysis 

Crystallinity, % 
(Composition of Treated Catalyst 

Na, Wt % 

Aip3,Wt % 

SiO.,Wt.% 

SiOj/AljOa M ratio 



10 



15 



Adsorption 

Cydohexane, Wt % 

X-ray 

Crystallinity, % 

[Note: The resulting almninosilicate in tb& 
run of Example 15 contains a slight amount 
of fonn ^T" aluminosilicate in addition to the 
NaX form. When used in this ^jedfication, 
"pH Off" designates the pH of the solution 
after contact with the aluminosilicate; **pH 
On" before such contacL] 

Examples 16 — ^20: 
These examples (the results and details of 
which are shown in Table G) will serve to 
demonstrate that ammonium salts of chelating 
agents can also function as desired, increasing 
the SiOz/AlaQa ratio in crystalline alumino- 
silicates. In addition, these chelating salts 
also exchange the residual sodium to form 
ammonium forms of the aluminosilicates. 



15 

NaX 

14-3 
31-6 
47-1 

2- 53 

17-9 

90 

120 
29-1 
52-0 

3- 06 

16-1 
75 



Examples 16 and 17 were respectively con- 
ducted by contacting low ^ca NaY (4.52 
SiOj/AlaOs) and a high sihca NaY (6.15 
SiOo/AlzO,) for 4 contacts each at 200^F. for 
24 hours i^ing 20 g. EDTA + NH^OH to 
form the (NHJ^H* EDTA cheiating agent 

Example liB demonstrates that NaX can be 
treated in like manner widiout serious reduc- 
tion in adsorptive properties. 

Examples 19 and 20 show diat eitiier am- 
monium add EDTA or ammoniimi add dtrate 
can function in similar manner fonning add 
crystalline aluminosilicate which can absorb 
normal hexane and is stable to tempering vp 
to 650*^F. for the period of pretreatment in 
the adsorption test. The water adsorption was 
not seriously affected. 



20 



25 



30 
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Table O 

Chdation vath Ammonium Chdating Salts 



Example No. 


XO 


17 


18 


19 


20 














lype 


NaY 


NaY 


NaX 


NaA 


NaA 


Compos! tioa 












Na, Wt. % 


9-7 


9-6 


14-3 


15-3 


15-3 


Al,03,Wt % 


23-5 


190 


31-6 


34-7 


34-7 


SiO,.Wt. % 


62-6 


68-7 


47-1 


40-9 


40-9 


SiOj/AliOj M ratio 


4-52 


6-15 


2-53 


2-0 


2-0 


Adsorption 












Cyclohexane, Wt. % 


20-4 


19-3 


17-9 







X-ray Analysis 

Lattice Constant 
a„(A°) 

Cbdation Reaction 

Wt Base, Lb 

% Solids 
Contacting Solution 

EDTA,g 

NH40Hg(I) 

H,Occ 

No. Contacts 

Temp. Contacts 

pHOn 

pHOff 

Composition of 
Treated Catalyst 

Na,WL % 

Al,0,Wt. % 

SiO,Wt % 

SiO^AljO, M Ratio 

(1) Concentrated aqueous 



24-66 

1/2 
60 

20 
8 

200 
4 
200 

6-1— 5-5 



24-58 

1/2 
60 

20 
8 

200 
4 
200 

5-8— 5-6 



24-96 

1/2 
60 

28-9 
11-85 

200 
4 

200 

7-7— 6-5 



1/2 
100 

29-95 
11-95 
400 
4 
200 
5-7 
5-7 



[Ammonium 
acid citrate 
19-4] 

18-5 
400 

4 
200 

61 

61 



40 


2-8 


7-3 


10-1 


908 


22-6 


19-6 


33-2 


36-6 


37-8 


73-5 


74-8 


54-7 


47-7 


47-11 


5-55 


6-45 


2-81 


2-22 


2-11 



ammonia in anoiount to give the diammonia salt 
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Example No. 
Adsoiption 

Cyclohexane. Wt. % 



H,0,Wt. % 
X-ray 
Lattice Constant 



Table G (contomed) 

16 17 18 
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The high catalytic activities obtained by 
aluminosilicate compositiDns 'pcepsxcd in accor- 
dance with the present invention can be readily 

5 illustrated in connection with the cxacking of 
a representative hydrocarbon charge. In a 
number of the examples hereinafter set fort^, 
the reference catalyst employed con^sted of a 
conventional silica-alumina "bead" type crack- 

10 xng catalyst. The silica-alumina camlyst con- 
tained about 10 weight percent AIO3 and the 
remainder SiOo. In some instances, it also con- 
tained a trace amount of 0:208, Le., about 
0.15 weight percent. 

15 The cracking activity of the catalyst is 
further illustrated by its ability to catalyze the 
conversion of a ZViid-Continent Gas Oil having 
a boiling range of 450 — ^9'50*^F, to gasoline 
having an end point of 410°F. Vapors of the 

20 gas oil are passed through the catalyst at tem- 
peratures of 875°F. or 900°F. substantially at 
atmospheric pressure at a feed rate of 2.0 to 
16 volumes of liquid oil per volume of catalyst 
per hour for ten minutes. The method of 

25 measuring the instant catalyst was to compare 
the various product yields obtained with such 
catalyst with yields of the same products given 
by conventional silica-aluminum catalysts at 
the same conversion level and at the same 

30 temperature. The differences (A values) shown 
hereinafter represent the yields given by the 
present catalyst minus yields given by the con- 
ventional catalyst. In these tests, the catalyst 
compositions of the invention were precaldned 

35 at about 1000°F. prior to their evaluation as 
a cracking catalyst. 

Examples 21 — ^24: 
These examples (the derails and results of 
which are set forth in Tables H and I), iUus- 
40 trate the catalytic advantages obtained by pre- 
treadng a sodium aluminosilicate with a che- 
lating agent such as EDTA to increase die 
Si02/Al203 mole rotio, prior to erchange with 
cations, i.e., with rare earth ions. 



19-8 



15-2 



0-7 Cydo- 0-5 
hexane 



4-6 n- 
hexane 

26-9 



27-5 



24-58 24-91 

Examples 21 and 22 were prepared by con- 
tinuously base exchanging the aluminosilicate 
product of Esamples 14 and 9 with a com- 
bined solution of 5% BECL^.SE^O + 2% 
NH^O, reducing the residual sodium to 0.47 
wt. 1% Na widi the low siUca NaY (Ex. 9) 
and to 0.24 wt. % with the high silica NaY 
(Ex, 14). The catalysts were then washed, 
dried, pdleced to a size of 4 x 10 me^ tem- 
pered 10 hours at 1000°F. and steam traced 
24 hours at 1200^F. with 100% steam at 15 
psig. [Note : unless otherwise indicated^ RECI3 
when us«l in this specification shall r^er to a 
mixture of rare earth chlorides consisting essen- 
tially of the chlorides of lanthanum, cerium, 
neodymium and praseodymium, with minor 
amounts of samarium, gadolinium and yttrium. 
A rare earth chloride solution containing such 
mixtore is commercialiy available and it con- 
tains the chlorides of a rare earth mixtmne 
having the rdative composition: cerium (as 
CeOj 48!% by weight; lanthanum (as 
La^Oa) 24% by weight; praseodymium (as 
FrgOaa) 5% by weight; neodymium (as NdzQs) 
17% by weight; samarium (as Sm^Oa) 3»% 
by weight; gadolinium (as Gd^Os) 2% by 
weight; yttrium (as Y2O3) 0.2% by weight; 
and other rare eardi oxides 0.8j% by wei^t. 
Similarly, the cation **RE" shall be construed 
to cover die same mixture of rare earth cations 
unless otherwise specified.] 

Analytical data summarized in Table H 
show that the aluminosilicate of Example 14 
could be base exchanged with a combined 
solution of 5% REQa.^aO + 2% NH^Q 
using the equivalent of 36 2-hour contacts with 
1 volume solution per volume durry. The final 
catalyst (Ex. 21) has a residual sodium content 
of 0.47 wt. 1% (RE)203 content of 9.9 wt. %, 
AlzOa content of 14.8 wt, .% and SiOo content 
of 74.9 wt. •%. The final SiOz/AlsOs ratio 
was 8.6/1. 

Catalytic data on the steam catalyst indi- 
cated that this catalyst was quite active (64.8 
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VOL % conversion at 16 LHSV in the standard 
gas oil cracking test), indicating a superior 
initial selectivity. [Note: "LHSV" desimates 
the liquid hourly spaxx velocity.] 
5 Example 22 was prepared in the same 
irnnrer as Ex. 21 except that the starting base 
TOs that of Ex. 9, which had a starting SiO./ 
AljO, ratio of 18/1. * *' 

, catalyst analyzed 024 wt % Na 

" ^-^"i (?^''03;7.4wt.'SAl,O„^d 84^ 
wt. % SiO,. The SiO,/Al,0, molar ratio in 
the product was 19.5/1. It is deariy evident 
that a substantial amount of aiumiiia was 
chelated from the crystalline structure. Even 
f^T^ ^ catalyst was quite active 

(50.2 toL % conversion at 16 LHSV in the 
standard gas m1 cracking test) and had excel- 
lent seiectivi^ advantages over standard silica- 

ahmiinacraddng catalyst at the same convet- 
20 sion (+8.9 VOL .% C,+gasoIme). 



21 



TTiese dam dearly show that a wide variety 
<rf ahminosihcates are possible with controlled 
chelation of the crystalline alumina. 

Esamples 23 and 24 were prepared respec- 
tivdy by preireating Y aluminosiUcates as de- 25 
scnbed m Examples 12 and 7: contacting die 
tow siUca and high silica NaY twice widi 
EDTA at 20QOF. for 24 hours and dien base 
^changing witii rare earth and anunonium 
chlonde s^ution as described in Examples 21 30 
and 22. These materials were then further 
processed as described in Examples 21 and 22 
The residual sodium content was 0.8 wt 1% 
f °^ NaY (Ex. 24) and 

'^'"S tile high silica NaY (Ex. 35 
^* Jhe corresponding SiO^/AKOa ratios 
were 5.95/1 and 7.25/1, respectivdy. Again, 
catalytic results on the final materials were 
excellent. 
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Example No. 

Description 

Base Excbaagc 

Solution 

Cone. Wt. % 

Contact 

Composition of 
. Treated Catalyst 

Na, Wt. % 

(RE),0„Wt. % 

Al,0„Wt.% 

SiOj, Wt. % 

SiOs/AliO, M Ratio 

Physical Properties 
(Fresh Catalyst) 

App. Dens, g/cc 

Surface Area, m^/g 

Adsorption — Cyclohexane 
Wt. % 

Catalytic Evaluation 
(Steamed) 

Conditions— LHSV 
— C/O 
Conversion, Vol. % 
10 RVP Gaso. Vol. % 

Excess C/s, Vol. % 
Cj+Gasoline, Vol. % 
Total C«*s, Vol. % 
Dry Gas, Wt. % 



Tabi£ H 
Undiluted Catalyst Preparation 
21 
(1) 
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REa3-6H20+NH«a RECL,-6H,0+NH4a 
5 2 5 2 

90 lbs. per 1/2 lb. at ISO^P. for 3 days 



0-47 
9-9 
14-8 
74-9 
8-6 

0-59 
429 
11-2 



16 

0-38 
63-6 
59-3 

9-6 
56-3 
12-7 

5-0 



0-24 

6- 7 

7- 4 
84-6 
19-5 

0-56 
390 
9^ 



16 

0-38 
50-2 
48-9 

5-9 
461 

8-8 

3-9 
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Table H (continued) 



Example No. 

Coke,WL% 

H,. Wt % 
Delta Advantage over Si/Al 

10RVP,Gaso.,Vol. % 
Excess C«'s, Vol. % 
C,+GasoIine, Vol. % 
Total C«'s, Vol. % 
Dry Gas, Wl % 
Coke,Wt % 

X.rayrK'2fSS.s&tV^'^i!^^^^^^^ % = ^^-S; 

2LS&g*'ao?/.S^"1?'tf/}? ^P'«^ 9 fo-/ «>ntacts with EDTA. 
X-ra^fhStiSi'i^fc^ltStL'^k^^^^^ 15.4! 

24 hours. Tbc symbol "C/O" desigia^,StM^o.i ^"'^ 



21 
M5 
0-01 

+13-0 
—5-4 
+12-1 
—4-3 
—3^0 
—3-0 



22. 
0-57 
001 

+9-6 
—4-3 

+8-9 
— 3-7 
—1-9 
—2-3 



Example No. 
Description 
fiase Exchange 

Solution 

Cone, Wt % 

Contacts 

Compositions of 
Treated Catalyst 

Na. Wt. % 

(RE),0,.Wt % 

Al,Os,Wt. % 

SiO,. Wt. % 



Table I 
Undiluted Catalyst Pr^aration 

23 
(1) 



24 
(2) 



REa,-6H,0+NH4Cl REa,-6H,0+NH4a 
5 2 5 2 
90 lbs, per lb. at ISCF. ^ 



0-8 
6-8 
20-7 
62-9 



M3 
5-13 
14-8 
72-7 



1 

■I 
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Tabi£ I (coDlmoed) 

Example No. 23 24 

Descnption (1) (2) 

Physical Properties 
(Fresh Catalyst) 

App.Deiis.^cc 0-38 0-38 

Adsoiptioii — Qrdohexane, ^ ^ ^ ^, ^ 

Wt. % . 21-7W 17-2W 17-7W i4-3(») 

X-ray Analysis 

Lattice Cen Constant 24-64 24-58 

Catalytic Evaluatioa 
(Steamed Catalyst) 

Conditions— MBV 16 16 

— C/O 0-38 0-38 
Conditions 

Conversion. VoL % 66-5 61-5 

10RVPGaso.,VoL % 61-6 60O 

Excess C/s, Vol % 10-7 7-8 

Cs+GasoIine,Vol. % 58-6 56-5 

Total C/s, Vol % 13-2 11-3 

DtyGas,Wt.% 5-3 38 

Coke,Wt. % 1-45 lO 

H„ Wt % 0-01 001 
Delta Advantage over Si/ Al 

10RVP,Gaso.,VoL % +13-9 -fW-S 

Excess C^'s, VoL % — 6-0 - —&4.- 

Cs+Gasoline,VoL % H-13-0 -H3-4 

Total C4's, Vol. % —4-8 —4'9 

Dry Gas, Wt. % -3-2 —3-8 

Coke, WL % —5-2 —3-7 



Notes to Table I 

S^t^S'v^ t^SjM 0^^?J?=.?^ r 19-4 wt %; 

21-7? 5-95 wt %; cydohexane adsoiption. wt. %! 

Prepare as descriiied in Example 7- Na. 7-0 wt «/• ai ,^ « ^ 
S.O. 76-3 wt %; SiO^Al^O. T.^s/^iiLfad^'r^tiS^T %fl7^^^ 
(3) Finished catalyst. 



Examples 25—27 demonstrate the eficc- 
tiveness of EDTA treatment on calcium mi 
rare eardi exchanged aluminosilicate. 

5 E3CAMPLE 25: 

This example was prepared by EDTA 
mating a CaHY ahiiSicate (diS at 
M O '^^TT^^ J^* ^ % 24.3 wt. ,% 

10 and havmg a SiO./Al.O, mofc ratio oAsT/l 
Md X-ray kmce constant a. of 2*.<S4 A«>. 
tDTA trMtmrat consisted of contacting 1/4 
Xt^' ^ ^ 2 contacts of 20 & 

15 ^^fS"^:,^^^*?'^^^^** 24 hours £ 

S^SOo?*',^^^ °"*f"^I ^««*edt dried 
^ri:^^ ? P*"*^^ t° VIO mesh 

^^^fo?SfSis^tSM,5^ 

2olrAlS!To.7^^|g,T^l^ 
aad ^ a SiOVAl A tti^ ^ 

25 Catalytic daa show that this cat^vst had 

treatment, as measured by voL % C + 

gasohne production. Th^ Lr»™^^ 
ahoiit ■? -"^^ mqaovement was 

MOW 2 VOL •% more Q + gasoJine vield 

ga8«l crackmg test activity at 16 LHSV^ 

, Ex&MPLE 26 : 
35 ni;fi^Sri!?°° example was accom- 

^ ?^ described 

605/1 to 
40 was «nli^^'P^^'*«^"= earth content 
^.^^ decrrased slightly from 14.8 to 13 4 

Sel^'St^"^ ""^^y^- ^ Edition to Ae 
i^ffd^^^^^fSl^" 
45 Sll5l"fe.«'--- - cHan'ieTf^- 

Catalpc evaluation of this catalyst also 
shows that It is catalyricaUy advaiSSus ^£ 
Q+gasohne yield to tn^t a REHySj^ 



mth a complexmg agent. The catalyst was less 
active (59.6 voL % conversion at 16 LHSV 50 
in the standard gas oil craddng test, compared 
to 66.1 for the original REHY). The Q + 
gasoline jaeld was increased from +10^10 
•rk 1 standard Si/Al catalysts. 

TJie cofce advantage is also obvious, showing a 55 
decnase from 2.2 wt |% to 0.8 wt %. This 
type <tf coke decrease is typical for the EDTA- 
treated rate earth catalysts. 

In both examples, the gain in selectivity was 
^out +2 VOL !% Q + gasoline advantage over 60 

the imtreated CaHY a£d REHY catal^aH 
lower conversion. 



ExAMPiE 27: 
Reparation of this examph was accom- 
Ph^ed by tteating a CaHY aluminosilicate S5 
TO^ a complex ammonium EDTA, di(tetra- 
«hylammonium) dihydrogen EDTA (see 
This run involved die treat- 
^^V** f ^ <^ ^ 4 successive 
at reflux flOOoC.). Each contact was wiA 260 

WTA vwth suffiaent quaternary ammonium 
^oxide so that the sohttion is about 1 4 N 

based on tetraethyJammooium ion. The treated 75 
matenal was fiirdier water washed widi 200 
ml or water. 

*^ .P°™^ ^ product having a SiO./ 
AlaOa ratio of 6.78 also had an maeased 

*f ^ ""^ due to the 80 
roaium m the cotn^kx ammonium EDTA 
It was necessary to base exchange this catalyst 
agam vnA caldum-ammonium chloride to 
«ctongetfae sodium. The complex ammonium 

ti^A tteatment also ahnost completely ex- 85- 
tracted tiie mmal calcium present 

V w! analyzed 0.14 wt 

^* ^^^^ ^^d a SiO=/AJ,Q, mole 

™3'^^i*f* ^''^ ^ complex am- 
w^mn EDTA treatment was not^y b^- 

^ifc.'^^^V^'^ activity; giving 

a + 12.9 VOL ;% Q + gasoline advantegTovS 95 



26 
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standard Si/Al and also a 72.1 voL :% con- 
version at 10 LHSV in the standard gas oSL 
cracking test. 

Example 28 : 

5 This example demonstrates that an ahimino- 
siiicace can first be pre-treated 'with a complex:- 
ing agent to remove alnmfna and then base 
exchanged with a divalent cation of the caldxmi 
type in combination with ammonium. This 

10 preparation started with the treatment of 4 lbs 
of high silica NaY aluminosilicate (63 Si02/ 
Al^Oa) twice with 160 g. EDTA in 1600 cc 
H.O at 200°F. for 24 hours each. After this 
treatment, the SiOs/AIsOa mole ratio was 

15 8.6/1. One-half pound of the above alumino- 
silicate was treated continuously at 180^F. 
with 90 lbs. of combined 5^% CaQs— 2%— 
NH^Cl for 3 days followed by water wash, 
drying at 230F., pelleting and sizing to 4/10 

20 mesh (Tyier\ tempering and then steam treat- 
ing for 24 hours at 1200®F, with 15 psig 
steam. 

The final catalyst analyzed 0.8 •% Na, 
6.99 wt. »% Ca and a SiOz/AlaOj mole ratio 

25 of 7.25/1 and had a X-tay lattice conscant 
ao of 24.61A°. 

The standard gas oil ccaddng evaluation at 
10 I/SHV of the steamed catalyst shows this 
catalyst to be very active (70.9 toL coa- 

30 version) and very selective (+12.6 voL |% 
Cs + gasoline more than standard Si/Ai at the 
same conversion). 

Example 29: 
This example demonstrates that an add Y 

35 alumiiiosilicate having excellent catalytic pro- 
perties ran be made in the same manner as 
described in Example 28. 

Two pounds of high silica NaY alumino- 
silicate was contacted twice witii 80 g. EDTA 

40 in 800 cc HrO for 24 hours at 200^F. Tbis 
treatment increased the Si02/Al203 molar 
ratio from 6.3/1 to 10/1. One-half pound of 
this alimiinosilicate was then treated 4 times 
with (lSrH^)2H2EDTA at 200^F. usuig 40 g. 

45 EDTA + NH2OH per contact Three of these 
contacts were for 24 hour duration and one 
was for 72 hours. The treated aluminosilicate 
was washed, dried at 200°'F, pelleted and sized 
to 4/10 mesh, tempered and then steam 

50 treated for 24 hours at 1200^F. with 15 psig 
steam. 

The final catalyst analyzed Na, 1.5 wt. % ; 
AI2O3 13.1 wt. SiQs 86.1 wt. |%. The 
final SiOa/AlaOj molar ratio was 11.1/1. The 
55 X-ray lattice constant a^, was 24.58A°. 

Standard gas oil cracking test data shows 
that tiiis acid Y altuninosilicate is active at 
10 LHSV (51.3 voL % conversion) and is 
selective;, giving an advantage trf +9.0 vol '% 
60 Q + gasoline over standard Si/AL 



Example 30: 

This preparation serves to demonstrace a 
process of combining a completing agent with 
cation exchanger and ammontnm. The oom- 
plexing agent was EDTA and the cation ex- 65 
changer was manganese. 

The exchange process consisted of contact- 
ing 1/2 lb of high silica NaY aluminosilicates 
(63/1 SiOa/AiaOa) 8 times with 200 cc solu- 
tion of manganese chloride, EDTA, NH^iOH 70 
and HQ to form the equivalent of 0.343 
molar ammonium acid manganese EDTA widi 
the pH adjusted to 5.5 with HQ. Six of the 
contacts were for 24 hour duration and 2 were 
for 96 hours, all at 200^F. 75 

The final catalyst analyzed 1.0 wt. l% Na, 
2.75 wt. % iyin, 17.8 wt. '% AI2O3, 76.2 wt. 
% SiOa, while the SiOs/AlzO* molar ratio 
was increased to 7.25/1. The X-ray lattice 
constant a© was 24.61 A°. 80 

Catalytic data show the particular catalytic 
advantages of the complex treatment which 
increased the Si02/Al203 ratio at the same 
tTnv> Aln"*"^ was exchanged into the structure. 
This catalyst was very active (65.9 vol. !% 85 
conveiaon at 10 ILHSV in die standard gas 
oH cracking test) and gave +12.9 voL % 
mote C5 + gasoline advantage over standard 
Si/Al catalyst. 

ExAMPUES 31— 33 : 90 

These examples were pnqiared to demon- 
strace the fact that the Si02/Al203 molar ratio 
could be increased considoabiy (11/1) wxdi 
a Gomi^exing agent that removes ahimina with- 
out seriously affecting the structure. The 95 
aluminosilicates thus prepared can* then be 
exchanged with addic sate sndi as A!(pJOz)z9 
Fe(N08)3 and MnCls direcdy without severe 
effect on the structure. It appears that one can 
exchange die residual sodium foam an EDTA 100 
treated aluminosilicate with At*^, Fe"*^ azui 
Ain'^ to form ferric-ahunmosilicates and 
manganese aluminosilicate. . - -« , - - 

Example 31 was prepaied'Sy base exchang- 
ing 150 g. of the EDTA treated ahnnino- 105 
silicate for eig^ 2 hour contacts with a 2% 
Al(N03)5.9H2O solution. At the end of this 
exchange this preparation had a residual Na 
content of 1.78 wt. |% and a cyclohexanc 
adsorption of 12.9, substantiating die fact that 110 
the aluminosilicate retained mcBt of its adsorp- , 
tive properties. 

Example 32 was prepared in essentiafly the 
same manner as Example 31 except that the 
EDTA treated aluminosilicace was treated 115 
widi a 2% ■Fe(N03)a.9H2a After die eight 
2 hour contacts with 2t% Fe(N0'3)3.9H20:, tiie 
residual sodium content was U wt !%», AlzO^ 
11,9 wt 1%, SiOo 75.9 wt \%, FejQa 7.89 
wt. while the Si02/Al203 mole ratio was 120 
10.8/1. Cydohexane adsorption data show this 
catalyst to have 11.4 wt 1% adsoiption. 

In like manner. Example 33 viras prqiaied 



ft IS to be noted that by virtue of the 
present mvemoa, cations which hydrotoze to 
10 ™ can be used iadily 

1 in the ahiminosilicate. Thif 

^ts from the fact diat as die SiO,/AlS 
rano IS increased, it becomes possible to S- 

15 STlfo^A?'^ more addle solution. If 
™e JnOs/Al-Oa IS mcreased suffidentlv (viz 

to SiL^^ l.?°'/AI»^.> « will S%sSe 
Sit^^. o^"^? ""^^^^ aluminoSlicatES 
« S^ph!™"'^"'*^ exchanged 

20 Examples 34—40: 

IT summarized in Table J and 

surcate after pre-exchanging widi rare^urt-h 
and ammonium chlotide& 
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The Durabead preparation is made bv dis- 30 
the afamunosilicate along^^ ^ 
^ai^day in a ^cate solution Ibi^ 

SiOz— Al.Oj matrix. These bead 

diately diereafter, base Ranged l^h 
didymmm followed by NH.Q (Ex. ^ NHO 

ril^n^ J^:?'^- ^ "'^^ complete deicriiv 
tion of Durab^d-type catalysts 4y be fiHiS 40 
m ir.S. Specification No. 2.900,349, whose 
^osure IS hereby iacorpSated by 

As shown by the catalytic data (the standard 

^« od cradong: t^ at 4 LHSV W st^. 45 
mg) presented m Table J, aU of th«^tSj ^ 
w»e very acQve and extr«nely selective. ^ 
. Example 35 is an add Y Dtirabead which 

Data mdi respect to tiie catalyst of 
g^if 39 and 40 are presented in Tab?e 
K^ese caalysts were prepared by the prc- 
exchange metfiod foUowed byonly (NH VSQ 
^•^^J" ^P^"^ 39 and Caa; «dS^ 55 
^^Jam^e 40. Bpdi of these catiystTS 
^fT„ ^T' ^^^^'^ ^'^ gas oil craS 
2 sho^ the standard gas Sil cracking tel 
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Tabu J . 

Duiabead Catalysts Prepared with die EDTA. Treated NaY 

Example No. 34 35 36 37 38 

Desoiptioa 

Matrix Si/Al(94%-SiO^%Al^J > 

Fines 

(1) Type EDTA Treated NaY (SOa/AI,Os8-6/l) 

Cone., wt % 10 ■ > 

(2) Type McNamee Clay > 

,Conc.,,wt'% IS . > 

Base Excbange 

Solotion DiaiSliO NBUa MnCl, MgQa Caa, 

Conc.,wt.% (2) 1 2 2 2. 

Contacts (2) (?) (3) (3) (3) 

Composition 

Na.Wt.% 0-2 0-2 0-4 0-4 0-2 

(RE)203.wt.% 4-6 

Mn. wt. % 4-65 

Mg.wt% 3-6 

Ca,wt.% 

Physical Properties 
of Treated Catalyst 

^^^^ 165 116 148 174 166 

Catalytic Evaluation — - — . .- 

Conditions— LHSV 4 > 

— C/O 1-5 > 

Conv.,voL% 67-3 53-7 58-6 63-2 62 0 

lORVPGaso.. 58-8 48-0 540 55-9 55-4 

vol. % 

BccessC^'s, g.g 11.5 9.9 
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Example No, 

Catalytic Evaluation 

CsH- Gasoline, 
Vol. % 

Total C«'s. vol. % 

Dry Gas, wt % 

Coke.wL % 

H„wt % 

Delta Advantage 
Over Si/Al 

10 RVP, Gaso., 
vol.% 

Excess C/s, 
vol.% 

Cj +Gasoline, 
vol. % 

Total C«'s, vol. % 
Diy Gas, wt. % 
Coke, wt. % 



(1) DiQ^ didTOiium diloride, is a mixture 
or rare eardi chlorides having a low cerium 
rantent. It consists of the foUowing rare earths 

5 detennmed as oxides: lanthanum, 45 46% 

5jragfat; cerium, 1—2% by weight; ptaseo- 

tr^^^u^ neod^um, 
32— 3? ^ by weight; samarium, 5—6% bv 
weigjit; gadolinium, 3—41% by weiehr 
10 yttntmr, a4!% by weigfat; other 4e ^ 
1 — 2% by weight. 

(2) IJe ran of Ex. 34 involved the con- 
tacting the aluminosilicate with a 2% solution 



Table J (continiied) 








34 


35 


36 


37 


38 


560 


45-1 


51-2 


53-1 


52-7 


151 


12-2 


11-4 


14-3 


12-7 


6-8 


5-2 


4-8 


5-7 


6-0 


1-53 


0-9 


1-5 


1-8 


1-4 


004 


004 


006 


0-04 


0-03 



+10-8 


+6-9 


+10-3 


+9-9 


+9-9 


—4-4 


-2-0 


—4-5 


—3-4 


—4-5 


+10-0 


+6-1 


+9-5 


+9-1 


+9-3 


—3-3 


-1-4 


—3-7 


—2-6 


-3-7 


—1-8 


—1-2 


—2-3 


—2-2 


—1-7 


—4-5 


—2-6 


—2-8 


—3-3 


-3-5 



of Dia3 6H30 for one 16 iiour treatment 
fol^wed by one 24 hour continuous treatment 15 
^th lio^ NH^cL [Note: Where the cont^ 
of an alummosincate by a treating solution 
IS indicated to be "continuous?' or otherwise 
similarly designated, this refes to a flowing 
system equivalent to one-half volume of sohi! on 
tion per volume of catalyst per hour.] 
^ (3) The runs of Exs. 35—38 involved con- 
tmuous contactmg of tiie aluminosilicate widi 
a base exchange solution having the indicated 
concentration for one 24 hour period. 25 
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Table K 

Duiabead Catalysts Prepared with tJae Rare 
Earth Pretrcated EDTA Treated NaY 



Example No. 
Descriptioa 

Matrix 

Fines 

(1) Type 

Cone, wL % 

(2) Type 
Cone, wt- % 

Base Exchange 

Solution 

Conc.,wt. % ' 

Contacts 
Composition 

Na,wt. % 

(RE):,03,wt.% 

Ca, wt. % 
Physical Properties 

App. Dens., g/cc 



39 



40 



Si/Al(94%SiOi-6%A1.0,) 



Rare Earth Exchanged EDTA Treated 
NaY 



McNamee Clay 
18 



18 



(NHO2SO4 CaCla 
1-4 2 
1 — 24 hour continuous 



0-4 
0-97 



0-83 



0-5 



2-4 



0-74 



Surfece Area, mVg 
Steamed 


111 


167 


Catalytic Evaluation 






Conditions— LHSV 


4 


4 


— C/O 


1-5 


1-5 


Conversion, vol. % - - ' 


53-9 


51-8 


10 RYP Gaso., voL % 


48-7 


47-8 


Excess C4 s, voL % 


9-0 


7-0 


Cs+Gasoline, vol. % 


46-4 


45-2 


Total C/s, vol. % 


11-3 


9-7 


Dry Oas, wt % 


4-8 


4.9 



Table K 

Coke,wL% 

Ha,wt % 

Delta Advantage Over 
Si/Al 

Cs+<3asoline,vol. % 
Totdl C/s, vol. % 
Diy Gas, wt % 
Coke, wL % 



Examples 41 and 42: 
Still another approach made was to take 
advantage of the catalytic improvement pos- 

5 sible vtdth the complexing agent effect on 
catalysts. Here Durabead catalysts c»ntain- 
ing 10% higb sflica NaY aluminoaUcate 
(6.25 SiOa/AljOa) vdtti 15 wt. '% McNamee 
clay for difFusivity in a 941% SiOg— 6|% 

10 Al^Os matrix: were treated with EDTA 
first (44 g. EDTA/3 liters Dux^jcad 



(condaued) 

M3 M3 
0-04 004 

+7-9 +7-8 

-2-7 _3.7 

—1-8 —1.4 

—2-4 —21 

hydrogel for 24 hours) and then laase exchanged 
^^ifh (NK^)zSO^ for one 24 hoirr treamient in 
Example 41, and vpith 2% REQa.OTjO for 
one 16 hour treamiem followed -with NH^Q 15 
for one 24 hour treatment in Example 42. 

Catalytic data presented in Taide L clearly 
show the advantages in selectivity resulting 
from pretreating the hydrogel vwth EDTA in 
a pre-washing before base exchange. 20 
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- Table-^L 

Durabead Catalyst Containing NaY Treated with EDTA 

Example No, 41 42 
Composition 

Na,.wt% 0-3 0-3 

(RE)^03,wt% . — . M3 

Physical Properties 

App.Dens.^cc 0-81 0-82 

Surface Area, mVg - 98 - '121 

. ' . Steamed . I 

Catalytic Evaluation 

Conditions— LHSV . ^ 

— C/O 1-5 1-5 

Conversion, voL % " 52-5 61-8 

10 RVP Gaso., voL % 45-4 55-2 

Excess C/s, vol. % 10-6 10-8 

C5+GasoIine,voL % 43-2 52-4 

Total C/s, VoL % 12-8 13-7 

DryGas.wt.% 5-3 5-6 

Coke,wt% 1-4 1-4 

H^wt.% (H)5 0-04 

Ddta Advantage Over Si/Al 

10 RVP. Gaso., vol. % +4-9 +9-9 

Excess C/s, vol. % --0'4 —3-5 

C,+GasoIine,voL % +4-7 +9-2 

Total vol. % — 0-4 —2-6 

Dry Gas, wt. % —0-9 —2-1 

Coke,wt % —1-9 —2-1 

Example 43 : tiietic chabazite \rith EDTA in die same 
This example iUustrates the appKcability of manner as described before. The starting 

the process of the present invention to stiU chabazite was prepaiedtou^ causttc- 

other aluminosiHcates. siHcate fusion method. This m«tod is ^ed 10 
Example 43 was prepared by treating syn- out by reacticm of 50 g. raw Dme <aay, a 



10 



15 



20 



25 



iaplmite, 81.7 g. NaOH, 536.0 g. «N" Brand 
sUi^te (28.5% SiO„ 8.9% Na,Oi 62:6% 
H,0) and 50 cc H,.0 for 4 hours at 60(y>F. 
ifie resulnng crusty solid was pulverized, tiwx 
contacted fi«t with 250 cc H=0 and i5S widi 
Si^^-^l i^'^ digested for 21 horns at 
^UU The resulting crystalline material was 
separated from the supernatant liquid by filter- 
o f T/ ''Ji"^- Pi ^""S composition vos 

wt ^ SiO- and a startuig SiOj/AljCX mole 
rauo of 4.75/1. The cydohexa^ adsorpti^^ 
was 0.8 wt % and water adsorption 12.8 

One half pound of the synthetic chabizite 
^-."■^f'^d 4 times at 200«F. with 20 g. 
EDTA m 200 cc water. Three of die contact 
were for 24 hour duration vAile one was for 
72 hour duration. 

The tteated chabazite had the foUowins 
composition: 5.4 wt. % Na, 17.0 wt. % 
A1,0„ and 75.1 wt. % SiO^. The SiO,/AI,0° 
pnTA^u","^*^ to 7.5/1 'by 'the 

u J c o *^^«^*?on. The final treated chabazite 
had 5.8 wt^ % cyclohexane, 6.2 wt. % normal 
hexane, and 16.8 wt % HaO adsorption, su^ 
gcsting that the chabazite was activated to hare 
superior adsorptivc properties. 
In an earlier part of diis specification, it 
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was mentioned tiiat disodium dihydrogen 
EDTA was ineffective to remove alumina from 
1^"^-'' Y due to die weak add nature 
of the disodinm dihydrogen EDTA. On the 

ri?^^'*' F^.^Pfe 1, it was shown that 
uie same cheijirtntr on-A*^^ ™«« ^.£r^-^^_ 
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was effective to 35 



remove alumina from calcium zeolite Y due 
to the highly stable calcium diclate which was 
formed and which provided the potential to 
^use the chelauon reaction to take place. In 
fixairple 44, it will be shoivn tiiat zeolites such 40 
as sodiuni zeolite Y can also be made alumina- 
defiaent by treating with disodium dihydrogen 
EDTA providing die zeolite is given a mc- 
hminary acidification and solvolysis tieatiMt. 

Example 44: 45 
Samples of a sodium zecriitt Y were ex- 
changed witii increasing amounts of 2«IH.+ 
ion and then calcined to give a series of sod^ 
hydrogen zeohtes in which the peicemi of 

Sffo/™?^^"' varied from 40 to 50 

68 %. These matenals were first contacted widi 
^ter at room temperature overnight and then 

^ i<JStio?of 
dKodium dihydrogen EDTA. The products 
from tiiese , reactions were tiien analyzed for 55 

smca a^ununa and sodium fflride. Tli results 
are summarized; 



Percait Equivalents 
H initially in cation sites 

41 
43 
49 
54 
60 
€7 
68 



Percent Equivalents 
Al removed 

10 
9 
11 
15 
18 
21 
24 



As wiU be seen from the above, not only 
60 was aluminum chelated from the zeohte but 
this test demonstrates that as the number of 
cation sites occupied by hydrogen is increased, 
me amomt of aluminum removed by solvo- 
lysis (m this case, hydrolysis) from tettahedral 
65 Sites IS also increased. 

jEarlicr in the present specification, it was 
iwmted out that an extremely effective method 
ot carrying out the present invention involved 
7ft K,^^ sequestering agents which formed 
70 soluble complexes, which complexes could be 
readily nanoved from the solid alumina- 
deficient aluminosilicatc by a simple filtration 
technique. It was also noted, however, that an 
alteraative procedure contemplated the use of 
75 chelating materials which did not form soluble 
complexes but xvhich neverrfieless could be 
effectively separated from the alumina-defident 
a^ummosi icate. Such a technique is set fordi 
m the foilowmg example: 



Example 45: so 
Dowex (Registered Trade Mark) ion ex- 
change resin A— 1 was used in diis expcri- 
naenc This material consisis of a copolyiner 
of styrenc and 8% divinylbcnzene. The ftmc- 
tional group, an iminodiacetatc 85 



CH.COO- 
'CH,COO~ 



is located on aromadc rings and imparts to die 
resm chelatmg properties similar to diose of 
ettylene-diammetetraacetate. For example, the 
selectivity of the resin for Qi^ ver^ Na"^ QO 
is about 100 to 1. ^ 

Approximately 20 g. of a syndictic faujasite 
essentially m the calcium form, was shnried 
at room temperature for duree days with 250 
raL ofthe chelating resin in die hydrogpn 95 
Torm. XTie rcacuon product was separated fiom 
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the resin beads by means of a U.S. Standard 
Sieve No. 100. The finely divided inorganic 
product was readily washed through the sieve 
while die beads were retained. The shiny of 
product and water which had passed through 



the sieve were filtered and die residue on the 
fikcr washed with water. The following sum- 
mary of the properties of die initial zeolite 
and the product clearly shows the removal of 
aluminum from the zeolite: 



Initial Zeolite Product 



Wt. % 

Na:,0 

CaO 

AI.O3 

SiOj 
Mol% 

Na^O 

CaO 

AUOa 

SiOi 

Molar Ratio 
SiO^/Al^Oa 

Cyclohexane sorbed, 
g./g. sample 

In carrying out the process of the present 
invention, care must be taken to avoid exces- 
sive treatment with the complexing agent to 

15 a point such liat the crystallinity of the 
ahiminosilicate is essendally destroyed. As will 
be apparent^ the point at whidi this will take 
place will necessarily vary depending upon the 
aluminosilicate treated and die nature of the 

20 completing agents though such point may be 
reai£ly determined in a given case by conven* 
tional techni^es. 

While various theories have been pt^tulated 
in earlier pordons of the present specification 

25 for purposes of explaining the various inven- 
tive concepts heretofore described, it will be 
understood that such theories merely represent 
the present understanding of the inventors as 
to the phenomena involved and that the 

30 appended claims arc not to be limited by such 
theories unless otherwise indicated, 

The catalysts prepared in accordance with 
the present invention find extensive utility 
particularly for transforming organic com- 

35 pounds which are catalyticaliy convertible in 
the presence of acidic catalyst sites into modi- 
fied organics. For example, they are useful in 
a wide variety of hydrocarbon conversion pro- 



2-6 2-2 

8-9 5-2 

21-7 18-5 

67-9 72-8 



2-7 2-2 

10-3 . 61 

13-8 11-9 

73-3 79-5 



5-3 6-6 
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cesses including isomerization, dealkylaticHi, 
alkylanon, disproportionation, hydration of 40 
olefins, amination of olefins, hydrocarbon 
oxidation, defaydro^nation, dehydration of 
alcohols, desulfunzation, hydrogenation, hydro- 
forming, reforming, cracking I^droaacking, 
oxidation, polymeri2aition, annnatization and 45 
the like. The catalysts are excqmonally stable 
and are particularly useful in such of the above 
and related processes carried out at tempera- 
tures ranging from ambient temperatures of 
70^F. up to 1400**F., including such processes 50 
in which the catalyst is periodically regener- 
ated by hnming oS combustible deposits. 
Because of their high catalytic activities, the 
catalysts are especially useful for effecting 
various hydrocarbon conyeision processes such 55 
as alkyiation, for example, at relatively low 
temperatures with small amounts of catalyst^ 
thus providing a minimum of undesirable side 
reactions and operating costs. 

By way of example, the dehydrogenation of oO 
hydrocarbons such as propane, butylene, 
butane, pentane, cyclopentane, cyclohexane, 
methyl cyclohexane and the like, can be carried 
out at temperatures ranging from about SOO^'F. 
to 1025°F. under atmospheric or superatmo- 65 
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spheric pressures with a space velocity (LHSV) 
from 0.2 to 5000. For dehydrogenation; metals 
and oxides and sulfide of metals sudi as 
platinum, palladium, rhodium, tungsten, iron, 
5 copper or nickel can be employed as promoters 
with the active aluminosilicate. 

For the dcsulfuri^iation of hydrocarbons^ 
which involves largely hydrogcnation, the 
oxides and sulfides of such metals as cobalt, 
10 molybdenum, tungsten, chromium, iron, man- 
ganese, vanadium, copper and mixtures th^of 
as well as platinum group metals may be used 
in conjunction with the aluminosilicatje. Desul- 
furization of shale disciUates and die like may 
15 be carried out at temperatures between about 
600°F. and 1000<'F. under atmospheric or 
superatmospheric pressures with a space velo- 
city (LIISV) between 0,2 and 50. The specific 
conditions within these ranges will vary with 
20 .the feed stx>ck undergoing desulfurization and 
:the product desired. 

The catalysts of the invention can be em- 
ployed for hydrogcnation of unsaturated 
aliphatic hydrocarbons, such as mono-olefins, 
25 diolefins, and the like, to form the correspond- 
ing saturated hydrocarbons, hydrogenation of 
unsaturated cyclic hydrocarbons, and hydro- 
genation of unsaturated alcohols, ketones, acids, 
etc. For hydrogcnation reactions, the tempera- 
30 ture may range up to lOOO^^R imdcr a pressure 
of about 10 to 3000 pounds p.s.L or more, at 
a space velocity (LHSV) from about OS to 5.0. 
The promoters which are normally employed 
with the aluminosilicate include the oxides of 
35 nickel, copper and iron and platinum group 
metals. 

Hydrocracking of heavy petroleum residual 
stocks, cycle stocks, etc, may be carried out 
with active aluminosilicates promoted with 
40 about 0.05 to 10% by weight of a platinum 
metal such as platinum, palladium, rhodium, 
osmium, iridium, and ruthenium or with oxides 
or sulfides of metals such as cobalt, molyb- 
denum, tungsten, chromium, iron, copper and 

45 the like. The petroleum feed stock is cracked 
m the presence of the catalyst at temperatures 
between 400<>F. and S25^F. using molar ratios 
of hydrogen to hydrocarijon charge in a range 
between 2 and 80. The pressure employed will 

50 vary between 10 and 2500 psig and the space 
velocity between 0.1 and 10. 

The catalysts of the invendon may be 
further utilized for the aJkylation of aromaric 
hydrcKarbons or phenols and the conversion of 

55 olefimc, acetylenic and naphthenic hydro- 
carbons. Alkylation of aromatics and phenols 
tray be carried out at temperatures between 
15 and 850*'F. under pressures of 0 to 1000 
psig.The aromatizing reaction may be effected 

60 at temperatures between 350°F. and llOO^F. 
under atmospheric or elevated pressures. Other 
reactions in which the catalysts find utility 
mclude isomerization, polymerization, hydro- 
gen transfer, oxidation of olefins to form the 

65 corresponding oxides (such as ethylene to 



ethylene oxide, propylene to propylene oxide, 
etc), as well as the oxidation of akohols and 
fcetones. The catalyst composition of the inven- 
tion also finds utility in processes for the oxida- 
tion of cyclohexane to adlpic add through the 70 
precursors cyclohecanone and cyclohexanol, as 
well as in the manufacture of caprolactam from 
caprolactone and ammonia. Additionally, the 
catalyst composites of the invention may be 
useful catalytically in processes for the pro- 75 
duaion of vinyl chloride by oxidative-dehj'dro- 
genadon reactions involving ethane and hydro- 
gen diioride. 

WHAT WE CLAIM IS : — 
1- A process of increasing the silica/alumina 80 
ratio in die crystal lattice of a crystalline zeo- 
litic aluminosilicate which comprises exposing 
the aluminosilicate, while at least partially in 
the hydrogen form, to hydrolysis to such ex- 
tent that at least 50% of the ciystaJlinity of 85 
the aluniinosilicate is retained, treating said 
aluminosilicate vrith a complexing agent to 
form a coordination complex wirfi the alu- 
minium which has been displaced from the 
crystal lattice, and separating at least part of 90 
the said coordination complex from tlie 
aluminosilicate. 

2. A process as defined in claim 1 wherein 
said couplexing agent is a chelating agent 
which will form a stable dielate with said 95 
aluminum. 

3. A process as defined in daim 2 wherein 
said chelating agent forms a soluble dielate 
with aluminum in the medium in which said 
chelation is effected, said aluminosilicate being 100 
insoluble in said medium both before and after 
chelation. 

4. A process as defined in daim 2 or daim 
3 wherein said chelating agent forms a chdate 
witii at least one cation in said aluminosilicate 105 
which chelate is soluble in the medium in 
which said chelation is effected, 

5. A process as defined in any cme of claims 
2 to 4 wherein said chelating agent is also 
effective to convert said aluminosilicate at least no 
partially to its hydrogen form prior to the 
hydrolysis step. 

6. A process as defined in any one of daims 
2 to 5 said chelating agent is sdected from 
the group consisting of ethylenediaminetetra- 115 
acetic acid, carboxylic acids, polycarboxylic 
acids, acid salts of said adds, and mixtures 
thereof. 

7. A process as defined in any one of daims 
2 to 5 wherein said chdating agent is di (tecra- 120 
ethylammonium) dfliydrogen ethylenediamine- 
tetraacetic acid. 

8. A process as defined in any one <rf daims 
1 to 7 wherein said aluminosilicate is in the 
faujasite form before the hydrolysis step. 125 

9. A process as defined in any one of daims 
1 to 7 said aiuminosiUcate is in the Y form 
before the hydrolysis step. 

10. A process as defined in daim 9 wdierdn 



36 



1,058,188 



said aluminosilicate is in the caldum Y fonn 
before the hydrolysis step. , 

11. A process as definai in daim 5 wherein 
said chelating agent is only weakly acid and 

5 wherein said aluminosilicate contains cations 
prior to the hydrolysis step whidi form suffi- 
ciently stable chelates with said dieladng agent 
to provide the reaction potential to cause 
hydrogen ions in the chelating agent to ex- 

10 change into cation sites in said aluminosilicate. 

12. A process as defined in claim 2 wherein 
said chelating agent forms a stable chelate with 
said aluminum \i^ch :z insoluble in the 
medium in which the chelation is effected. 

15 13. A process as defined in claim 12 wherein 
said chelating agent is an anion exchange resin 
which will form a stable chelate with aluminum 
and which, after chelation of said alumino- 
silicate, will be of a size sufficiently different 

20 feom that of the alumina-deficient aluanino- 
silicate to be separated therefrom by a classi- 
fication technique. 

14, A process as defined in daim 2 wfaerem 
said chelating agent forms a stable chelate with 

25 at least one cation in said aluminosilicate. 

15. A process as defined in any one of 
daims 1 to 14 wherein the pH of the hydro- 
lysis reaction mixture is bdow 7 at ar least 
some point duxing the hydrolysis. 

30 16. A process as defined in any one of 
daims 2 to 15 the pH of said chelamg agent 
is no greater than 6, 

17. A method according to any one of 
rlatm*; 1 to 16 wherein said ahaninosilicate 

35 is converted at least partially to the ttydrogen 
form and then hydrolyzed. 

18. A method as defined in any one of 
daims 1 to 17 wherein the silica/alumina ratio 
in the initial aluminosilicate is at least 2/1. 

40 19. A method as defined in any one of 
daims 1 to 18 the silica/alinnina ratio in the 
initial aluminosilicate is at least 4/1. 

20. A method as defined in any one of 
daims 1 to 18 wherein the silica/alumina ratio 

45 in the initial almninosflicate is between 2/1 
and 6/1. 

21. A method according to any one of 
claims 1 to 20 ^diercin said aluminosilicate is 
treated with a fluid medium containing a 

50 chdating agent which forms stable chelates 
with aluminum. 

22. A method as defined in daim 21 wherein 
said chelating agent also forms stable chelates 
with at least one cation which is present in 

55 said aluminosilicate. 

23. A method as defined in claim 22 wherein 
said chelating agent is effective to convert said 
aluminosilicate into the acid form during the 
chelating operation. 

60 24. A method as defined in claim 23 wherein 
said aluminosilicate is hydrolyzed after being 



concerted to its add form by said chelating 
arait no later than said chelating oi^tion. 

25. Amcdiodasdefinedinclaim24^rtierem 
said dielating agent contains at least one catxon o5 
other than hydxogoi and wherein said cation 

is too large to be exchanged into said alummo- 
silicate to any substantial ertenc 

26. A process according to any one of claims 
1 to 25 for altering die properties of a crystal- 
line aluminosilicate with a change in chemical 
composition of the ordered anionic structure 
while subscantiaUy retaining crystaU^phic 
character as indicated by X-ray diffraction 
partem wherein said aluminosiHcate is suffi- 
dently treated with a fluid medium contammg 
a chdating agent for aluminum ions to remove 
aluminum from the crystal lattice of said 
aluminosiUcate, leaving a crystal structure 
which appears by X-ray diffraction to contam 80 
siHcon att»ms which are not acmally present 

27. A metiiod according to any one of 
daims 1 to 26 wherdn said aluminosilicate is 
treated with a comi^exing agent which will 
form coordination complexes with alummum 85 
ions, die pH of the reaction misture includmg 
said aluminosilicate and said complexing agent 
being bdow 7 at at least some point during the 
treatment. . 

28. A method of increasing the sihca/ 90 
almnma ratio of a crystalline aluminosiHcate 
substantially as described herein with rrference 

to the Examples. 

29 QystaUine aluminosilicates, whenever 
prepared by die metiiod of any one of claims 95 

30. A method for transformmg an organic 
compound which is catalytically convertible in 
the presence of addic catalyst sites comprising 
contacting said organic compound under con- luu 
version ccmditions with an aluminosilicate 
according to daim 29. 

31. A method for transforming an organic 
compound, catalytically convertiWe in the 
presence of addic catalyst sites, which ccm- 105 
prises placing said organic compoandj under 
conversion conditions, in the presence of a 
catalyst composition selected from die group 
consisting of porous crystalline aluminosilicates 
characterized by a hydrocarbon adsorption 110 
capadty greater than would be tiieoreticaUy 
calculated from a combined X-ray diffraaion 

and elemental chemical analysis of said catalyst 
composition. 

32. Organic compounds when formed by 115 
the method of daim 30 or daim 31. 

For the Applicants, 
CARPMAELS & RANSFORD, 
Chartered Patent Agents, 
24, Southampton Buildings, Chancery Lane, 
London, W.CL 
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